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DIRECT RESISTANCE HEATING OF SALT BATHS FOR THE 
PATENTING OF STEEL WIRE. 
By W. HEIDENHAIN. (From Stahl & Eisen, Vol. 64, 1944, pp. 747-751). 


INVESTIGATIONS into the resistance heating of salt 
baths used in the patenting of steel wire have led to the 
development of a method in which the molten salt 
contents of the pot act as the resistor. In cases where 
the distance between the plate electrodes is large the 
heating process is initiated by creating a liquid bridge 
between the electrodes by means of a special electric 
heating ribbon extending between the electrodes. This 
ribbon is removed from the bath after the flow of 
current between the electrodes has been established. 

A diagrammatic view of the bath installation is given 
in Fig. 1, which shows the pot (a) in section with the 
electrodes (b) being installed at two opposite sides 
of the pot. The dimensions of the electrodes are 
chosen in accordance with the width of the pot and its 
cubical contents. A single phase transformer (c) of 
special design is installed in the immediate vicinity of 
the bath in order to keep the electrode leads as short 


' as possible, thus minimising electric loss in the leads. 


In order to eliminate the conduction of heat from the 
electrodes to the transformer, and also to prevent the 
radiation of heat from the bath to the leads, the latter 


_ are water cooled. The electric current passing through 


the bath is automatically controlled. The control 
circuit comprises the thermostat (f), the chopper-bar 


type instrument (k), and the relay operated switch (7). 


iia choo 








’ The pot (a) is well insulated by a thick layer of 
infusorial insulating material (Sterchamol) in order to 
minimise radiation loss. The electric circuit of the 






































Fig. 1. 


installation is shown in Fig. 2. The current required 
for heating the bath is taken from two phases of a three- 
phase network of 380/220 volts, the primary of the 
transformer having a tap switch S. The main switch 


_ () is actuated by an auxiliary relay (7;) which closes a 


circuit between the phase T and the neutral O. The 
auxiliary relay is actuated by the thermo-couple (f) 
and the aforementioned indicating instrument (A). 


\ The output of the single-phase secondary of the trans- 
| former, which depends upon the current passing 
) between the electrodes, can be controlled by means of 


the tap-switch (s) of the primary. 

_ The heating plant is operated as follows: Operation 
1s started by connecting the bath electrodes by a steel 
tape acting as resistor. As soon as this resistor has 
supplied sufficient heat to the solid salt contents of the 
bath to form a liquid bridge between the electrodes, the 
heating current will begin to flow between the latter, 
and the steel tape may then be removed from the bath. 
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In order to speed up the process of starting the bath, 
increased voltage is supplied until the bath has come 
up to temperature. The voltage is then gradually 
decreased in order to keep the transformer load from 
rising above its rated value of 60 KVA. The load taken 
by the steel tape is 50 KVA and the initial load of the 
electrode circuit is 35 KVA. This load decreases to 
17 KVA upon the attainment of normal operating 
conditions. 
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After the entire contents of the bath have become 
liquid, the tap switch is moved to the lowest tap. This 
point corresponds to the heat supply required under 
normal operating conditions when a certain amount of 
heat is transmitted to the bath from the steel wire as it 
passes through the bath. This ensures a minimum 
current density in the bath, minimum electrolytic 
effect, and minimum evaporation of salt during the 
short heating periods. According to operating records, 
the electric power consumption amounts to 35 KW hr. 
per ton of 1.8-3.6 mm. dia. wire passed through the 
bath. This is only one-fifth to one-sixth of the power 
consumption required with the employment of a ribbon- 
type resistor. 

The cover of the pot is carefully designed to ensure 
-removal of the salt vapours at the source. Referring 
to Fig. 3, it is seen that the cover is hinged at the side 
of the pot adjoining the muffle. The cover is thus 
lifted in the direction of the travel of the wires through 
the bath, its front end resting lightly upon the wires 
where they leave the bath. This design prevents salt 
vapours from seeping into the muffle furnace. As 
Fig. 3 also shows, a pendulous flap is attached to the 


underside of the cover at a certain distance fom the 
point at which the wires enter the bath. In ‘is way 
only a very small portion of the surface of the b th is jn 
communication with the delivery opening of th muffe 
furnace, while the vapours escaping from this part of 
the bath surface are vented through one or several 
openings provided in the cover. 

The accumulation of sludge at the bottom of the 
bath is kept to a minimum owing to the thoroug): sealing 
of the muffle furnace, and it amounts to no more than 
300 kg. per week. The presence of these deposits js 
without influence upon the heat transfer, and the 
efficiency of the heating device is not therefore effected, 
Nor can local overheating take place. 

Owing to the tendency of the salt to creep over the 
rim of the pot, both salt and scale were found to accumu- 
late in the clear space between pot and furnace at the 
point where the wires enter the bath. In order to 
facilitate the removal of these deposits, a deflector plate 
_ attached to the side of the pot, as indicated in 

ig. 3. 

This type of direct resistance heating has proven 

its value in nine months of continuous service. 


ON FLYWHEEL DESIGN. 


By I. I. ARTOBOLEVSKY. 


IN modern engineering practice the required flywheel 
inertia in a machine is usually found by the method of 
excess moment diagrams which was suggested by 
Radinger(!). Another generally used method consists 
in plotting kinetic energy—reduced mass diagrams— 
according to Wittenbauer(?). ‘Radinger’s method is 
very simple, but it gives only an approximate solution, 
and its application is confined to the design of machines 
whose motion is characterised by low coefficients of 
unsteadiness ; Wittenbauer’s method is free from the 
assumptions made by Radinger, but it suffers from the 
disadvantage that it entails the necessity to plot a number 
of intermediate functions, which generally leads to 
considerable errors in the ultimate results. A solution 
similar to Wittenbauer’s method has been proposed by 
Merzalov(*) and Gutjar(*). 

It is the purpose of the present investigation to show 
that the method of excess moment diagrams can give a 
rigorous solution of the problem without resorting to 
the assumptions made by Radinger. The use of this 
method does not therefore depend upon whether the run 
of the machinery is characterised by a low or a high co- 
efficient of unsteadiness. 

As is well known (5), the equation of motion of a 
mechanism can be written in the general form as follows 

dw d I r w? 
Ma — My: =f r = — oe (1) 
dt dp 2 
where Ma is moment of reduced driving force; Mr is 
moment of reduced resistance force; J; is reduced 
moment of inertia of the mechanism; w is angular 
velocity of the reduction link. 

The reduced mass J; of the mechanism can always be 
represented thus 

I, = Io -+- Al, oe ee (2) 
where J, is the constant moment of inertia of the fly- 
wheel which must be determined ; and JJ; is the re- 
duced mass of all the remaining links of the mechanism. 
Denoting the difference Ma — Mr by 4M, equation (1) 
can now be rewritten in the following form 

dw d(AIr)  w? 
AM = (Io + 4Ir) — + —.. (3) 
dt dp 2 

Let us consider the positions of the mechanism in 

which the angular acceleration of its driving link is zero, 


(From Comptes Rendus (Doklady) de l’Académie des Sciences de l URSS, 1944, Soviet 
Academy of Sciences, Vol. 44, No. 5, pp. 182-185). 


dw 
that is, —-= 0. Clearly, in these positions the 
dt 
angular velocity is either at maximum, max, or at 
minimum, min. Accordingly, equations (3) for these 
positions will take the form 


d(Al,) w max 


dy 2 
d(Alr) wmin 


dy 2 
Let us further show that the values on the right-hand 
side of equations (4) and (5) can always be determined 
without plotting a graph of reduced inertia moments, 
but merely from data obtained by a preliminary kinetic 
calculation of the mechanism. 


In fact, the quantity JJ; is known (°) to equal 


n Usy z wi 
a1, ~3| m (=) +n(=)] .- (6 


where m and J; are mass and moment of inertia of an 
i-th link of the mechanism ; vs, and « are the velocity 
of the centre of gravity S; and angular velocity of this 
link. From equation (6) we get 


d(A Tr) 2 se a’ €i 
Mri 2 St + Try = |. (7) 
i 


Us; @w 


dp wk 1 
where mr; is reduced mass of the i-th link; /r; is re- 
duced moment of inertia; 1 is the length of the reduc- 
tion link ; a, is the tangential acceleration of the centre 
of gravity S;; «; is the angular acceleration of the i-th 
link assuming that the angular velocity w* rests invariable 
its value in (7) being either wmax OF wmin. 

as; €j 


It may easily be seen that the ratios —— and — can 
UVsi wi 


7 


AM’ a 


be replaced by the respective intercepts taken from the 
velocity and acceleration diagrams. ‘The values of these 
ratios are positive or negative according to the direction 


of the vectors a;,, Us), €1 and «, yet their magnitude rati 
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for every position of the mechanism is solely a function 
of the driving link’s rotation angle yp. 

Substituting in (4) and (5) the value of the differen- 
tial quotient (7) we have 


n at €i 
AM’ = Wmax 3] ma P (3) + Ini (=) .. (8) 


Usj wis J 


n at et 
AM’ = min Z| mr P? (>) same ft (=) -- (9) 
: Usi wij 


As the quantities under 2 in these equations are 
equal, the functions 4M’ and 4M” differ only in con- 
stant coefficients wmax and wmin. Consequently, by 
plotting the first function we also obtain the plot of the 
second to the scale 2 = wmax/wmin. 

Let us now proceed to the determination of flywheel 
inertia when the coefficient of motion unsteadiness 5 
and the mean angular velocity wmean of the driving link 
are given. 

We plot in an ordinary way the diagram of tangential 
forces or moments Ma = f (¢) for the driving link as a 
function of its rotation angle ~ (see Fig. 1). This plot 
corresponds to one full cycle of the steady motion 
period. Taking the area of this diagram with a plani- 
meter we find the work of driving forces for a full cycle 
(in the present case a full cycle is supposed to be equal 
to 27). We have 


27r 
Aa -| Ma dp 


0 
Assuming, as is usual in engineering designs, that the 
work of resistance forces is constant, we obtain the mean 
moment of resistance M; from the equation 


The curve obtained in the co-ordinate system 
O'AM@q’ is that of the excess moment 4M = @ (q) as 
defined by equation (3). 

By means of equations (8) and (9) we will determine 
4M’ = F (py) and4M” = ¥(y). This may be done by 
substituting wmax and wmin with their values expressed 
by coefficient 6 and by the mean angular velocity 
Wmean(®). We have 


) a’ €1 
4M’ = oaen( 1 + ;) y [ms 72 (=) +In (<)| 
2h t Usi wi 
) n a’ €& 
4M’ = onea( 1 ae - = | mn r( =) +In (=) | 
Zit Vsi aj 


The function 4M’ = F (q) thus obtained is plotted 
on an equal scale (dotted line in the figure) with the 
diagram 1M = ®(q). Obviously, the driving link will 
have a maximum angular velocity at those positions of 
the mechanism for which 4M’ = J M, that is when the 
positions a’, b’, c’, and d’ are such that the curves4M = 
(9) and 4M’ = F (q) intersects at points a, b, c, and d 


(see Fig. 1), 


_ Examination of Fig. 1 will show that when the posi- 
ton of the mechanism is at a’ or c’, the angular velocities 
“max Cannot possibly be at maximum, as the increment 
of the kinetic energy in the interval e’ a’ is less than that 
of the sum of kinetic energies in the intervals O’e’ and 
O’h’, and also less kinetic energy is acquired in the 
interval g’ c’ than in f’g’. 

Therefore in the positions a’ and c’ we shall have 
Some arbitrary minimum angular velocities which need 
not however be considered at this juncture. It is 


Nt 


by 
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an 


byrad—mm 








Fig. 1. 


apparently in the positions b’ and d’ that the driving link 
will reach maximum angular velocities. Just which of 
these two positions will correspond to the extreme 
value of angular velocity is a question that may be solved 
in the customary way by comparing the areas comprised 
between these values. Suppose that the extreme 
value wmax corresponds to the positions at b’. Seeing, 
further, that the functions 4M” = ¥ (g) and 4M’ = 
F (q) differ in nothing but scale, the former can be 
plotted from the diagram of the latter by merely re- 

2—5 
ducing the ordinates in the ratio ~ = ——— 

2+6 


The plotting of 4M’ = ¥ (¢) can be dispensed with 
for the whole range of the angle p equal to 27, since it is 
seen from the plot of 4M’ = F (q) that in the positions 
a’ and c’ the angular velocity of the driving link takes 
some arbitrary maximum values. Because of the 
smallness of 5, the true position of the driving link, in 


which it has minimum angular velocities wmin, must 
obviously be somewhere near the points a’ and c’. It is 
therefore sufficient to find several points of this curve in 
the vicinity of a’ and c’ including, of course, the position 
in which the function 4M” = ¥(q) intersects with 


4M =f (gy). These portions of the curve, comprising 
the intersection points k and n are shown in Fig. 1. It 
will be obvious that at k’ and n’ the velocity of the 
driving link is a minimum because for these positions 
AM’ =AM. Further, we may use the previous method 
to find the position in which the angular velocity takes 
the extreme value. Let this position be at nm’. Then 
the moment of inertia of the flywheel J, is determined 
from the equation 
Pmax 


2 AM dg — Ir max w* max — Tr min min 


— Pmin 





(10) 
2 max it w* min 


@w 
where Qmax and min are the rotation angles of the re- 
duction link corresponding to the points b’ and n’; 
I; max and I; min are, respectively, the reduced moments 
of inertia of the mechanism links (without flywheel) 
corresponding to the above angles ymax and Mmin. If 

rmax and J;min are small, the following approximate 
expression may be used, to wit :— 


Pmax 
f4 Md 

eta 22. . oe 

) w* mean 
It should be noted that the problem of determining 
the functions 4M’ = F (q) and AM" = W(@) can be 
solved equally well by the customary kinetostatic method 
without computing the derivative of the reduced mo- 
ment of inertia of the link of the mechanism. In fact, 
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the second term of the right hand side of equation (3) 
taken with reverse sign actually represents the moment 
of all inertia forces of the mechanism reduced to the 
driving link which is supposed to move with constant 
velocity(°). 

The function 4M’ = F (¢) can be found by ordinary 
methods of kinetostatics whereby the forces of inertia of 
individual links are determined on the assumption that 
the driving link revolves with a constant angular 
velocity equal to wmax ; the reduction of the forces of 
inertia to the driving link is made by means of the rigid 
lever theorem. Function 4M” = Y(q), as has been 
mentioned above, will be found by simple conversion of 
the scale. To conclude it is well to point out that once 
the moment of inertia of the flywhee! has been de- 
termined and we have found the positions b’ and n’ in 
which the velocity of the driving link takes the values 
max and wmin; respectively, the angular velocity wp’ of 


THERMAL STRESSES IN 


the driving link in any position p’ can be determined 
from the equation 





| + Mrp’ P ; 2 ? 
Wp’ = — w* max— a za" dp(12) 
Io + mrp’ - Ig + mrp’ [? 


The quantities mrp’ and mrp’ are ialeaa ities of the 
mechanism link in the respective positions p’ and }’, 
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By E. PALMBLAD. (From Teknisk Tidskrift, Vol. 74, 1944, pp. 1345-1347). 


INCREASED application of electric welding has stimulated 
greater interest in the thermal stresses caused by the 
localised heating of the material in the welding process. 
In the general case, heat stresses are triaxial and there- 
fore difficult of mathematical treatment: However, in 
the case of a disc or plate the temperature across the 
thickness of the material may be considered constant 
thus reducing the temperature distribution to a problem 
in two dimensions, that is, in a plane. A further 
simplification of the problem is 6btained by assuming 
the temperature distribution to be symmetrical with 
respect to a centre of rotation as will be shown below. 

The extension of the disc may be assumed to be so 
large relative to the temperature field that from the 
analytical point of view it may be accepted as infinitely 
large. Point 0 (Fig. 1) which is taken to represent the 
centre of rotation, is assumed to constitute the point of 
highest temperature, with the temperature rapidly de- 
creasing with the distance from point 0 


Fig. 1. 


Temperature drop, 
radial, and peripheral 
stresses. 


The general expressions for the elastic deformation 
of a body of rotation are : 
Ore m—2 0€ m 0 
+ —— .D— + —.—Dp— 
Ox? 2(m — 1) or 2(m—1) Qx 
m+1 ot 
_- -a. —=+0 
m—1 Ox 


m—2 @p m OE 


2(m— 1) 0x? 2m—1 drdx 7 
m+1 Ot 


m—1 Or 


(2) 


ZIG 
= = 


m—2 


o€é 
ee ee +1) x] (3) 


2G aE 0p 
or = —— — +m) 4 — om Dat | 
m—2L¢@ a 


Op = 


2G O& Op Pp 
[ + ——t (nl) — — (ne +1) ae be 
m—2L Ox Or r 


where é and p are the elastic deformations in the direc- 
tions x and r respectively, m is Poisson’s ratio, G is the 
modulus of shear, and ox, Gr, and Gp are the stress 
components, ¢ is the temperature in deg. C. at the 
distance r from the axis of rotation, « is the coefficient of 


0 1 
— +-). The d- 
or r 

mension of length is given in (cm.), and the stresses in 


(kg./sq.cm.). In the case of a disc it is ox = 0, and 
equation (3) si mae 


o€é +*)s m+1 
_ a. t (3a) 


nk 


thermal expansion, and D = 


Combining the ated eeu (4), and (5) it follows: 
2G Op 
[ +1) | (4a) 


p 
m— + ——(m 


or r 
p 

+m m+ nar! (5a) 
r 


Cr = 
m—1 
2G [dp 

Op = [ 
m—l1Ldr 


Op 
In the case of a disc it is — = 0, and the second term 
Ox 
of equation (3a) therefore is also zero. 
equation (3a) it is also 


On the basis of 


and equation (2) therefore can be written 
0” p Ot 
+ comet. ae aD 
Or? 2 ar 
The temperature function t = f(r) contained in 
equation (2a) will be assumed to be 
t = to e—hr? ae ue ae (7) 
where to is the temperature prevailing at 0; /h is a co 
efficient, and e is the base of the natural logarithm. A 
typical temperature distribution curve, using to = 100 
deg. C. and h = 0.05 cm.-2, is charted in Fig. 2. By 
forming the derivative of equation (7) and introducing 
into equation (2a) we obtain: 





rmined 


dy(12) 


of the 
1b’, 
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Fig. 2, Temperature distribution according to t= To e-0.05 r? 
and corresponding stress curves. 


1 dp p 
+—-— ——+ 2th 
r Or r? 


-are—hr’—0 


2m—1 
(2b) 
This is an ordinary differential equation which can 
therefore be written : 


dp rdp—pdr m+1 
d =) + | .%.2tohre—hr? dr = 0 
(5 : 2m—1 
By integration we obtain 
p m+1 
+—— ———-. a. bo 
- 2m—1 
and by multiplying by r. dr 
m+1 
rdp + p dr — ————- a. 
2m—1 
and integrating again 
m+i e—hr? r2 
pr +———— a.t.§ — + Cl1—+C,= 0 
2m—1 2h 2 : 
By dividing by r, we now obtain 
" C2 
p=—-Q—--—-— — & to 
2 r 2m—1 2 hr 
For r= oo it is p = Qand therefore Cl = 0. Thus 
1 m+1 e-hr? 
a ae (<. + XK lo ) 
r 2m—1 2h 
But it must also be p = 0 if r = 0, and therefore 
m +- 1 aX lo 
Cc, = — —— —_ 
2m—1 2h 
Introducing this value into the expression for p, we 
obtain 





.e—hr’+ C, = 0 


to. e —hr?, rdr+C, rdr=0 


m+1 e—hr? 








1 m+ 1 aX lo 
p = a a 
r 2m—1 2h 
By combining equation (9) with equations (4a) and 
(5a) respectively we obtain 


2G(m+1)a to—t 
eee (352) 
2m—1 2 hr? 


2G(m+ 1a tyone't 
% = —- —__—___—_ (2 ) a) 
2m—1 2 hr? 


For large values of r the bracketed factors become 
negligibly small while for r = O they become 0:0. 
$ indefinite case can be solved by means of equation 

to 
(7) which yields a value of —. 
2 


(l—e-hr*) .. (9) 


Cr=— . (10) 


This means that for 


r= Othe stress components or and op become equal, 
having a value of 





3G(m+1) ato 
Gr => Op = = a (12) 
2m—1 
By introducing the following numerical values 
G 810,000 kg./sq. cm. 
M 
od 


and by assuming a temperature rise of 100 deg. C. at 
point 0 over the ambient temperature, we obtain 
Or = Op = — 3°810,000-0.000011-100-3/17 
= — 2,044 kg./sq. cm. 

This result is rather surprising insofar as it shows 
that the relatively small temperature rise of 100 deg. C. 
leads to stresses approaching the yield point of the 
material. If the temperature rise amounts to 200 deg. 
C., the yield point should therefore be well exceeded 
and the material deformed by compression. 

Furthermore, a subsequent decrease in temperature 
will cause large tensile stresses in the material. 

The stress distribution for 2 = 0.05 cm. and 
to = 100 deg. C. is charted in Fig. 2, where the tempera- 
ture distribution is also shown. 

Analogous stress distribution curves have been 
computed for two different temperature functions, to 
wit :— 

(a) Linear temperature characteristic, the tem- 
perature falling from ft, to 0 deg. C. over the range from 
r= Gtor = Ff, (Fig. 3). 








Fig. 3. Temperature distribution according to 
t= to (l—x/r) for O<re<rj and 
t=O forr, <r <@ 
and corresponding stress curves. 


(5) Constant temperature t. between r= O and 
r=r,, and t = 0 fromr=r,tor=o. In this case 
integration has to be carried out in two stages, and four 
integration constants must therefore be determined in 
both cases. The following relations are available for 
this purpose, namely p = O for r= O, and p= O 
for r = oo. 

For the border condition where r = r,, the respective 
p and or values computed for either interval must be 
equal. For point r= O we obtain 


3G.a.to (m+ 1) 





Or = Op = = 
2m—1 
and for r = r, we have 
Or — Gadto(m + 1) 


Op + 3(2m—1) 
For a value of tp = 100 deg. C. (Fig. 3) the mnemneatenl 
values of the stresses are 
= — 2,044 kg./sq. cm. 


145 kg./sq. cm. 
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Considering the temperature distribution curve shown 
in Fig. 4, it is O0<r<r, and 
m+1 
Or = Op=—G t%.too—_=-— 1,158 kg. q. cm, 
m 


Fig. 4. Temperature distribution according ‘o 
t=tofor0 <r <r, andt=O0forr, <er<aw 
and corresponding stress curves. 


CERAMIC INSULATING MATERIALS AT HIGH TEMPERATURES, 


By F. BeLpi. (From Brown Boveri Review, Vol. 30, 1943, Nos. 9-10, p. 248.) 


PORCELAIN, which is the best-known ceramic insulating 
material, suffers from the disadvantage that it is not 
able to withstand the combined effect of high tempera- 
ture and high electrical stress. The dielectric losses in 
the insulation of electrical machines and apparatus in 
most cases are so insignificant from the aspect of. electric 
power consumption that no attention was paid to this 
matter for many years. The investigation of porcelains 
subjected to temperatures above 100 deg. C. shows, 
however, an entirely new picture. Table I lists the 
electrical constants for quartz and for a few allied 
ceramic materials used in electrical engineering. 





. tan § 
100: 200: 





Material 





Porcelain I - eg 1a . ld 2.32 | 145 
Porcelain II ie * ‘ x 2.04 67 
Steatite ce ee ee i S g 0.52 17 
Calite I ie cn f . . e 0.055 
Coieli .. .. | 0.005 | 0. \ 6.9 | 0.034 
Quartz : .. 10,001 | 0. : 3.3 | 0.003 








It will be seen that in the case of the porcelains 
I and II, which differ only in the proportions of their 
constituents—china clay, felspar and quartz—the 
dielectric losses increase very rapidly when the tem- 
perature rises from 100 to 200 deg. C. An insulator 
cube of porcelain II with a volume of 0.1 m!%, for 
instance, which is subjected to a field stress of 1 kV./mm. 
and has a loss coefficient of « tan 6=67 at 200 deg. C., 
causes a loss of 185 w. at a frequency of 50 cycles— 
that is to say, it can almost be looked upon as a heating 
element. 

The magnesium silicate product “ steatite”’ has 
much better properties in this respect. Finally, the 
different qualities of calite (listed in Table I), which is 
a particularly pure magnesium silicate, according to 
the degree of purity, yield nearly the low values of 


uartz. 

. In Fig. 1 the logarithm of the loss coefficient for calite 
IandII is charted as a function of the test temperature. 
Particular interest attaches to the sharp bend near 
the bottom of each curve, which shows that a sudden 
change takes place at a temperature depending upon 
the chemical constitution of the material. It will also 
be noted that in the high temperature range the loss 
coefficients of the two materials differ by no less than 
three orders of magnitude. 

The high dielectric losses occurring in porcelain at 
high temperature result in considerable heating of the 
material, which heating in turn causes a further increase 
in dielectric losses. Unless adequate arrangements are 
made for dissipating the heat developed, this pheno- 
menon may lead to thermal destruction of the insulator 
and hence to breakdowns. The dielectric loss co- 
efficients, which may vary with the temperature, in the 
higher temperature ranges have, therefore, a most 
decisive influence upon breakdown strength of the 
material. 


“ 


Ig (€-tg 5) 


? 
vot 


60 
9 >90°C 


au E 
| Ig (e-tg b)= 
Ig(z tg — 35 - 
$> 200 C 


= $ ae 
e-¢ — 
Ig(z-tg 0) 195 155 


r< 200°C 


Fig. 1. 


50 
40 
30 
20 
10 
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1 and 2 are over voltages of the porcelain and calite bushings 
respectively. 3 and 4 dialectric constants of the porcelain and 
calite bushings respectively. 


Apart from the puncturing voltage attention must 
also be paid to the arc-over voltage. The results of 
measurements made on bushings of calite and porcelain 
are charted in Fig. 2. They show the existence of an 
inter-relation between arc-over voltage and dielectric 
constant €, a large increase resulting in a considerable 
decrease in the arc-over voltage. Evaluation of the 


curve leads to the relationship Eg »s —— where £, 
€ 

denotes the voltage at which the first discharges— 
so-called creep sparks—begin to take place along the 
surface of the insulator. If the voltage is slightly 
increased, these discharges lead to breakdown. The 
factor K is a constant, its value depending upon the 
geometrical dimensions of the insulator. This rela- 
tionship holds true as long as the creep voltage is smaller 
than the arc-over voltage through the air gap. 
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RADIAL AND LATERAL REACTIONS ACTING UPON 


THE 


WHEELS OF A MOTOR CAR 
(From E. A. Tsupakov’s Book, Theory of the Automobile, Moscow, 1944, p. 66-81). 


In order to determine the lateral reactions Y, and Y, 
acting upon front and rear axle respectively of a 
motor car passing through a curve, it is necessary 
to find the forces of inertia to be applied to the 
centre of gravity of the automobile in order to establish 
equilibrium. For the purpose of finding these forces of 
inertia an equation must be established which yields the 
acceleration prevailing at the centre of gravity. The 
diagram given in Fig. 1 indicates the travel of an auto- 
mobile making a turn. Turning is carried out by 
bringing the front wheels of the automobile into the 
appropriate position by means of the steering wheel. 
Actually when turning the steering wheel, the inner and 
outer wheel of the front axle are turned by slightly 
different angles, the inner wheel (nearest the centre of 
rotation) being turned by a slightly greater angle. 
However, the difference between the two angles is very 
slight with the usual radius of turn, and a common 
angle may therefore be assumed in the following in- 
vestigation, which angle « is the arithmetical means of 
the individual angles of the two wheels. 


y 








x 
Fig. 1. Diagram of motion of car making a turn. 


_ According to Fig. 1 the angle « determines the 
direction of the speed vg of the point B which is the 
centre of the front axle with respect to the longitudinal 
axis AB of the vehicle. The speed va, in point A, 
which is the centre of the rear axle, is in the direction of 
the longitudinal axis AB and equals the speed v pre- 
vailing at the centre of gravity located at point C. In 
the following analysis the speed v will be termed the 
motion of the automobile. 

_ The investigation of the motion of the automobile 
will be based upon the assumption that neither of its 
axles skids sideways and that no lateral movement of the 
axle is caused by a lateral deformation of the tyres. 
Thus the path of travel of the automobile will corre- 
spond to the swinging of the travelling centroid AM’ on 
the fixed centroid MM. The distance A O between 
the instantaneous centre of gyration O of the vehicle 
and the longitudinal axis AB is termed the turning 
radius of the vehicle and denoted by R. The travel of 
the automobile is to be examined for a varying length of 
tadius R that is for a varying angle «. One of the 
problems of the investigation therefore is to establish 

da 
the relationship between the turning speed —-— 
dt 
or the speed of the variation in the radius R—and the 
lateral stability of the automobile. 


Point C in Fig. 1 represents the centre of gravity of 
the automobile located at the distances a and 6 from the 
front and rear axles respectively. The distance be- 
tween the two axles is given by the length L. The 
velocity vc of the centre of gravity is at right angles with 
the radius OC. This velocity may be replaced by two 
component velocities, namely the velocity v in line with 
the longitudinal axis A B of the vehicle, and the velocity 
Ven the direction of which forms a right angle with A B. 
Referring to Fig. 1 it will be seen that the following 
relation exists, to wit :— 

Ven b Ve 
—3; Un = — .b=b.w .. (1) 
Ve Oc * G€ 
where w is the angular turning velocity. 

The acceleration of the centre of gravity (point C) 
can also be replaced by two components of which the 
tangential acceleration jct is in the direction of the 
longitudinal axis AB, while the other component 
which represents the normal acceleration, encloses an 
angle of 90 deg. with the longitudinal axis. In order to 
determine these accelerations we consider the motion 
of the automobile with respect to the fixed system of co- 
ordinates X—Y. In Fig. 1 the angle formed by the 
length axis of the automobile with the X axis is given by 
6, and it therefore can be written : 

do dw : do 


dt? 


orm) = = 


dt” dt 
dw 
where — is the angular acceleration of the vehicle. 
t 
By expressing the velocity ve, or its components v and 
Ven, With respect to the X—Y axes, we find that 
vx =v.coso—b.w.sing ad (2) 
Vy =—v.sno—b.w.cosa .. (3) 


By differentiating these equations we obtain an ex- 
pression for the projected acceleration of point C with 
respect to the X — Y axes. It is 
dv, dv 
Jex = — = —coso—v.w.sina— 
dt dt 
dw 


—b—sin o—bw’cosco.. (4) 
dt 
dvy dw 
Jey = — = 5b. o’*.sinao—b —cosao— 
dt dt 
dv 
—— sino—vwcosca.. (5) 
dt 
Referring to Fig. 2 it is seen that jex and jet can also be 


¥ 

Fig. 2. Diagram showing projec- 

tion of acceleration upon X—Y 
axes, 
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obtained as the projections of jet and jen upon the 
respective axes, and we have 
Jex = Jet COS GO —Jen Sin O e (6) 
— jcy = jet SiN GO — jen COS O a (7) 
By combining these expressions with the equations 
(4) and (5) and solving for jet and jen we obtain 
dv 
Je = ——b.a? a age ae (8) 
dt 


dw dw 
jen = w.0+b—=a?R+b — (9) 

dt dt 
We have thus obtained the tangential and the normal 
accelerations of the centre of gravity as they prevail 
during turning of the vehicle, assuming that no 

lateral skidding takes place. 

According to equation (8) the tangential acceleration 
which acts along the longitudinal axis of the car is given 


dv 
by the tangential acceleration — at point A minus the 
dt 


centripetal acceleration b. w® existing at point C rela- 

tive to point A. Considering equation (9) it is seen that 

the normal acceleration is given by the centripetal 

acceleration w?R at point A augmented by the tan- 
dw 

gential acceleration b. —— existing at point C with re- 
dt 

spect to point A. 

The absolute values of the forces of inertia can there- 
fore be established as follows : 
Tangential force of inertia: 


dv 
T=M jn = M (——>..') s« (@0) 
dt 

Normal force of inertia: 


dw 
N=M.jn=M (oR +5—) ee (11) 
dt 
where M is the mass of the vehicle. 

The various forces acting upon the vehicle when 
turning are indicated in Fig. 3. In order to establish 
the condition of equilibrium we introduce the moment of 
inertia 








»S 


























O° 


Fig. 3. Diagram of forces acting upon car making a turn. 


dw 
M=M.p—,  .. WY 
dt ; 
where p is the radius of -gyration with respect to the 
vertical axis passing through the centre of gravity ¢, 
We further introduce the tractive forces P)’ and P,’ 
acting upon the outer and inner wheel of the rear ake 
respectively. We also introduce the lateral reactions 
Y, and Y, acting upon front and rear axle, and the 
force Pp which resists the motion of the vehicle. This 
force is the sum total of the force resisting the rolling 
of the wheels and of the air resistance. For practical 
purposes it will be sufficiently accurate to assume that 
the resisting force Pp» acts along the line of symmetry of 
the vehicle. 
From the condition of equilibrium of the moments 
acting upon vertical axis through point A we obtain 


B 
Y,.L.csa@=N.b+ Mj + Mr + (Pp — Pp) — 
2 


If Pp = Py’ — Py” represents the total propulsive 
force, and if 
Pe” 
k= —, it will be Pp’ = (1 —k) Py 
p 
By further introducing 
Pp = yp -G = yp.g-M, 
and also introducing the expressions for N and Mj given 
in equations (11) and (12) respectively, we then find 


M.} | p? \ dw 
Y,.cos ¢ = w R+ (6 +o) ~|- 
zt é 


B 
vy .@. Mkt a = 
2L 


Similarly, by establishing the condition of equili- 
brium for the vertical axis passing through point B, 
we find 


M.a p? \ dw 
\ w.R+ s——)—]— 
1g a /dt 


B 
—yp.g.M(2k—1)— .. .. (14) 
2L 


By expressing the turning speed w in terms of the 
speed v, we obtain 
v 
eat aes 
R 
According to equation (3) it is 
dR 
L=R.tangn; —=— —. 
dt L.cos?% dt 
Therefore 
dw 1 dv v da 


— = — a a 
dt R dt L.. COs* a dt 


so that the equations (13) and (14) can now be written 
thus : 


yiosa=——[=+ (6+ + —j){— — i? 
\R dt 
v 


aN 
1 dv 
R dt 


v 
a * Yp -g (2 k—1) — | ae 
L cos? % dt 20 


Se a) 
Locos? a dt 





yMents 
obtain 


B 
= 
2 


Dulsive 


: given 
id 


(13) 


equili- 
int B, 


(14) 


of the 


written 


(16) 


(17) 
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According to these equations, the lateral reactions 
Y, and Y, increase with increasing speed v and in- 
dv 

creasing acceleration ry 
t 


They also increase with in- 


da 
creasing —— and with a decreasing radius R. Con- 
dt 


da 
versely, with a negative value of —-, as it occurs when 
dt 
the vehicle has finished its turn and begins to assume 
' du 
straight line travel again, an increase in —— wiil 
dt 
cause a decrease in the lateral reactions Y, and Y,, that 
is to say, the stability of the rear axle is increased. 
Moreover the lateral reactions Y, and Y, decrease with 
dv 
negative values of the acceleration —, that is, with the 
dt 
vehicle slowing down. — 

The respective influence of the acceleration 
dv od 
—and the speed —— upon the lateral reactions Y, and 
dt dt 
Y,, largely depends upon the location of the centre of 
gravity on the length axis, and also upon the disposition 
of the mass of the automobile with respect to its length. 
The location of the centre of gravity is given by the 
distances a and b, while that of the mass is expressed by 
the magnitude of the radius of gyration p. The relation 
between the distances a and 6, and the radius p is a 
measyre of the degree to which the lateral reactions are 


dv od 
affected by the acceleration —— and the speed —. 
dt dt 


| Ifthe radius of gyration is p = / a. 6, both the accele- 


dv da 

ration — and the speed —— will be without any in- 
dt dt 

fluence upon the magnitude of the lateral reaction Y,, 


' which acts upon the rear axle of the vehicle. 


Concerning the influence of an uneven distribu- 


tion of the tractive force over the driving wheels, 


equations (16) and (17) show that the transmission of a 


| greater tractive force to the inner wheel (k>0.5) causes 


a noticeable increase in the lateral reaction Y, which acts 
upon the front axle of the car, and a corresponding 
decrease in the lateral reaction Y, exerted upon the rear 
axle, This variation in the forces of reaction increases 
with the magnitude of the coefficient yp of the force of 


inertia, and it also increases with the magnitude of the 
| coefficient k which is a measure of the distribution of the 


tractive force to the wheels. 

If the forces of traction are unevenly distributed to 
the wheels of the rear axle (k >0.5) the front axle of the 
vehicle will display a greater tendency to skidding, and 
the actual turning radius will therefore be somewhat 
larger than the radius corresponding to the position of 


| the steering wheel. 


On the basis of the balance of the tractive effect, the 


) following expressions for the motion of the automobile 
_ an horizontal surface can be established, to wit :— 


Ph =y.G=Pyt+Pr+P=K.F.v2+ 


5 dv 
+f.G+—.G.—.. = ve 8) 

g dt 
where K F vy? is the force of air resistance, f. G is the 
) dv 
force of the rolling friction of the wheels, ) .G.— 
g dt 


dv 
is the force expended upon the acceleration - 
t 
of the vehicle, & is the coefficient of air resistance, de- 
pending upon the shape of the car, F is the effective 
frontal surface of the automobile subject to air resist- 
ance, f is the coefficient of rolling friction of the wheels, 
6 is a coefficient which takes account of the revolving 
masses of the car (flywheel, wheels). 
We introduce 
W 
k.F = Wand — = Z, 
G 


where W denotes the factor of air resistance expressed 
in kg and based upon a speed of the car of 1 m. per 
second. 
Z is the specific resistance of the air. By introduc- 
ing these factors into equation (18) we obtain 
o dv 
y= Z.vev+f+—— ne -- (19) 
g dt 
If the car travels at constant speed, we therefore have 
yw=Z.v4+f a .. (19a) 
Equations (19) and (19a) apply to the case of straight 
line travel. But if the car makes a turn, the following 
equations will apply. Referring to Fig. 3 it is: 
Pp = Pp +P =T+Po+ Yi, sina 
The force Py resisting the forward motion of the car is 
the sum total of the force Py due to the air resistance 
and the force P; due to the rolling friction of the wheels. 
It therefore is 
Pp Mdv Y,sina—M.6b. a? 
y= — = 2.0 +f + — —+ 
G G at G 
By dividing both sides of equation (16) by the weight 
G, carried by the front axle, and also dividing both 
sides of the equation (17) by the weight G, carried by 
¥ 
the rear axle, we arrive at the specific lateral reactions ie 
G, 





Y, 
and —. 
2 ‘ 
equations (16) and (17) and assume cos ~ = 1. Wethen 
obtain 
Ve ‘ ; da 
A t t . i . -) + 
G, ‘ i : dt 


We also introduce the expression yp (19) into 


(20) 
da 
7 ) = 
(21) 


al 


If the vehicle travels at constant speed 


da 
along a curve of constant radius (— -0), the equa- 
dt 


tions (20) and (21) take the form 
¥, v B 
— = — + 0 +f) .(2k—1)- — 
G, g.R 26 
¥; v B 
— —(Z.v?+f).(2k—1)-— .. (21a) 
‘G, g.R 2a 


(20a) 
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Furthermore, if & = 1, it will be 
v2 p? 1.” “ae v da 
+(6+ 4) (—=+—.)+ 
.R b eRe: gid. dt 
5 dv B 
Z.e+f+ =>) sme 
dt 
1 v ; 
+(s-) ( ae 
. aes eee ae 


5 dv 
Rete 2) = 
g at 2a 


(20b) 


ere 


2 


(21b) 


But if the coefficient k has a value of k = 0.5, that is, if 
the tractive force Py is uniformly distributed over the 
driving wheels, then 


Y, 


G, 
Y2 


G, 


v p\ (1. do 
oe (+=). a 
g.R b g.R dt 


ow. 5G 
+—.— }(20c) 
gL dt 


v? p> 1 dv v da 
pee +(e“) (+ Sar 
ope i a goR at @5L dt 


o 


Finally by assuming the car to travel at constant 


dv 
speed (- =0 ) along a curve of constant radius 
dt 


0:2,03,0:4,05,06,07,08 
to 


& £0:2,0:3,0-4,05,06,07; 


da \ 
(= = af with k having the value k = 0.5, w- obtain 
t 
; v2 Y, v2 
it (20d) and — = (21d) 
G, g.R G, g.R 
In order to illustrate these various relationships, the 


1 2 
lateral reactions —- and —— are shown in Figs. 4-12, 


G G 
both as functions of the physical data of the vehicle 
a iv dy 
(factors —, —, and k) and of its motion (v, --, — 
£, at dt 
and R). 
Thus, for instance, Figs. 4 and 5 show the specific 


1 
lateral reactions —— and —— respectively as functions of 


4 2 
the speed v for different locations of the centre of 
gravity on the longitudinal axis of the car. According 


a p 
to equations (20) and (21), the factors — and — affect 
1G 15 


the lateral reactions only if the car is in non-uniform 
dv 


7” da _ 
motion, that is to say, if — sa 0 and — ~ 0. 
dt dt 


“2 With 


£-02,03,04,05,06,07.08 


Fig. 4. Lateral reactions vs speed » 
for a different value of 


a 
— for given positive value of 
L 


Lateral reactions vs speed 0 
.for different values of 


Fig. 5. 


a dy, 
— for given negative value of —- 
L dt 


= 02,0304; 


05:06,0708 





ybtain 


(21d) 
Is, the 
4-12, 
vehicle 


» dy 


dt 


"3 


pecific 
ions of 


tre of 
ording 


affect 
niform 


With 
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this point in view the graphs Figs. 4 and 5 are based ona 
do du 


value of —- = 0.2 rad. per second, and of —-= —0.2 
dt dt 

rad. per second respectively. As will be seen from 

Figs. 4 and 5 these charts are based on values for 


c ranging from 0.2 to 0.8. It should also be noted that 


. charts are based on a coefficient k = 0.5, with the 
equations (20) and (21) taking the form 

¥; v? p? 

G g-R L—a/ g.L «& (20e) 
Yr « v0 p? v do 

a= +(4—a— _—-— = (2le) 
G, g-R a g.L dt 

Referring to the right hand side of Fig. 4 it will be 


a 
seen that with increasing values of —, that is to say, 
E 


with the centre of gravity being shifted towards the rear 


Y; 
axle, the specific lateral reaction —— is diminished. But 
G, 


a 
ifa certain value for — is exceeded, the reaction tends 
Ez 
to increase once more. In order to find the value 
a 
for— which yields the minimum lateral reaction 
is 


1 . . . . 
—, we differentiate equation (20) with respect to a and 
1 


| obtain 


)- (— v da \d 
(= iS R — g: L dt J da 


d B 
(1-2 ‘ + ¥ (2k—1) — ——— 
L—a da 2(L—a) 
or 


se) 1 dw ov =) 
da\G, -(—> g.L a [=~ 1+ 


+ yp (2k—1) - 





2(L— a)? 
By equating the right hand side to zero, we have 
0.5 yp (2kR—1)B 





(L—a,)* = p? + 
1 dv v dau (22) 
— —~_— 4- oo 
eR dt g.L dt 
where a, is the value for a for which the lateral reaction 
Yy, 
— attains a minimum. 
1 


) By making & = 0.5 we have 


L—a,=pora,=L—p.. «« (22s) 
a 
With ' = 0.3, therefore x, = 0.7 L. 
Referring to the left hand side of Fig. 4 it will be seen 


a 
that with increasing values for —, the lateral reaction 
E 


Y2 
— at first increases and then decreases. 
G, 


In order to 


find the value of a, of a for which the lateral reaction 
Y, . . . 
— attains its maximum, we establish the first derivative 


2 
vi _— (21) with — to a and obtain 


~(—)- v —..=).“ 
(—5 my g. g.L dt 


d 
(ons ae 7 ee ) pee 
a 


da2a 
v 
@)-(Giase) 
soar — 
Pn ee 
2a? 
and by equating to zero: 
0.5 yp.(2kR—1).B 
a,* = p? + ad Sen (CB) 
1 dv v dau 





—— 5 oe a __ , 
gin dt gs kas 
For k = 0.5 it therefore will bea, =p  .. (23a) 
p 
Again assuming 4 = 0.3, we have a, = 0.3 L. 
The graphs shown in Fig. 5 are based on a negative 


a 

value of ——- = — 0.2 rad. per second. Referring to 
dt 

the right hand side of this graph it is seen that the lateral 
Y, 

reaction —— has negative values over the entire range of 
1 


: Y2 
speeds covered. The lateral reaction —— is likewise 
2 
Y; 
The reaction — 
G, 
is seen to pass through a minimum ; this is in accordance 
with equation (22a). 

Figs. 6 and 7 show the relationship between the 
specific lateral reactions and the speed wv of the vehicle 
for different radii of gyration, these graphs being based 
on equations (20e) and (2le). It will be noted that 


negative over a certain range. 


da 
Fig. 6 is based on a value of — = 0.2 rad. per second, 
t 
and Fig. 7 on a corresponding negative value. 
According to Fig. 6 an increase in the radius of gyra- 


Pp : P Y, 
tion — leads to an increase in —— and a decrease in 
E G, 
2 . 
—. This means that a dispersal of the mass of the 
G, 


vehicle relative to the vertical axis passing through the 
centre of gravity improves the lateral stability of the rear 
axle and diminishes that of the front axle. 

As the rear axle has a greater tendency to skidding 
than the front axle, an increase in the radius of gyration 
will, on the whole, have a beneficial effect upon the 
lateral stability of the vehicle. According to Fig. 7 
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2 O4,0:2,0:3,0°4,0°5 


O- 
O- 


= O1,0:2,0:3,0°4,0:5 
0-6 
% Kn 


G2 G, 


da 
negative values of —— will produce negative reactions 
dt 
Y; , ; ' , 
— over the entire range of speeds ; while the reactions 
G, 
Y, . . . . . 
— considerably diminish and even attain negative 


2 
values at certain speeds and with small values of 


p 
—. This is to say, in certain cases the prevailing con- 
ditions are analogous with those indicated in the graphs 
Figs. 4 and 5. 

The speeds wv of the vehicle for which the curves in 
the left hand side graphs of Figs. 5 and 7 intersect with 
the abscissa, can be’ obtained from equation (2le) by 


=0,0:25,05,0-75, tO 


» O1,0'2,03,0°4,05 


201,0:2,03,0:4,05 


Fig. 6. Lateral reactions vs speed » 
for different radii of gyration 


d 
- for given positive value of = 
dt. 


Fig. 7. Lateral reactions vs speed » 
for different radii of gyration 


dg 
for given negative value of .% 
t. 


Y2 
equating —— to zero. We then have 


G, 
R p? du 
v=—. ( L—a— — —_—. 
L a dt 
Fig. 8 shows the relationship between the specific 


2 . 
lateral reactions ane and —— and the travelling speed? 
G, 2 
for different numerical values of the coefficient k 
These curves are derived from equations (20a) and 
dv da 
(21a), that is, for the case in which = = 0 and Qi = 0. 
t t 


Referring to Fig. 8 it will be seen that an increase in 


1 
k causes the lateral reaction — to increase and the lateral 
G, 


#0;0:25,0-5,0-75, 


Lateral reactions vs speed for 
different values of k. 








speed » 
tion 
dy 


dt. 
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Yaa 
reaction — to diminish. It will also be noted that for 


2 

certain values of k and v both the lateral reactions are 
zero. In the case of the reaction Y, this occurs if 
k = 0.5, and in the case of reaction Y, if k = 0.5. This 
fact may also be deduced from equations (16) and (17). 

For certain travelling conditions of the automobile, 
as defined by the speed wv and the turning radius R 
(provided they are coincident with certain values for k), 
the lateral reactions Y, and Y, may be zero. The 
respective co-ordinated values for v and R required to 
produce a case of this kind can be found from equations 
(20) and (21). Equating Y, to zero in equation (20) and 

da 


making —- = 0, that is, assuming a constant-radius 
dt 
turn, we find 
2 dv® 


m+(s a 
” A, Pst 
5) dt 


B 5 dv 
g.(1l—2k). —- [z-conesy + —. 
26 g dt 





(24) 


' which yields the relationship between R,° and v° for the 


If we assume 
; dv 

the vehicle to travel at constant speed, i.e., if —- = 0, we 
dt 


case of non-uniform speed of the vehicle. 


' find 


2b. (vw)? 
i = .. (24a) 
g:-B.(1—2k)-[Z-(v)? + f] 
Ifk = 0, as it may happen whenever the inside wheel of 
the rear axle encounters a particularly slippery spot of 





' ground, equation (24) will become 


p? dv® 
(v°)? + (> +— }-— 
b dt 





B 5 dv° 
ates [z-cm+s + Saemee ] 
2b g dt 


dv 
and if it is also assumed that — = 0, equation (24) will 
dt 
then read 
26.(v°)? 
® . 


= 

g-B.[Z-(* +f] 

Analogous equations may be established for the rear 

axle of the car. Thus, by equating Y, (equation 21) to 
da 


(24c) 





zero and making —— = 0, we have 
dt 


p? dv® 
(vo)? + (o- —).— 
a dt 





R,° = 


B 5 dv° 
g&-(2k—1).—-. [ z-emrsse2.— 
2a g dt 
For the case of constant speed, this equation takes the 
form 
2.a(oF 
Re = «+ Se) 
g-B.(2k—1)-[Z-( + f] 
If we introduce k = 1 (whichis the max. value which it 
can attain) into equation (25), we have 


2 


p? dv® 
(v°)? + (s > ) 


a a 








R,° = (25b) 


B 5 dv® 
g.—- [ zo +f+- =] 
2a g dt 
and if we further assume the car to travel at constant 
speed, we obtain 
2a-(v)? 
Re = rn 72) 
g-B.[Z- +f] 
The graphs shown in Fig. 9 are based on the equa- 
tions (20e) and (21le) and show the influence of the speed 
Y, Y, 
v upon the specific lateral reactions ——- and —— for 
G, G, 





Fig. 9. Lateral reactions vs speed v 


for different turning 


da 
radius R with constant positive — 
it 
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da 
different radii R. In this case it is assumed that —- = 
dt 
0.2 rad. per second. Similar graphs are shown in 
Fig. 10, which are based on a corresponding negative 


a 
value of —. 
dt 
the turning radius R with constant turning speed greatly 
increases the lateral reactions upon both the front and 
the rear axle of the vehicle. The influence of the turn- 
a Xe 
ing speed —— upon the specific lateral reactions. —— and 
dt “G, 


According to Figs. 9 and 10 a decrease in 


¥, 
ont is well illustrated by the graphs shown in Fig. 11. 
G 


2 
These graphs are based upon equations (20) and (21) in 
dv 


which — is taken as zero and the coefficient k as k = 0.5. 
dt 

du 

Referring to Fig. 11 it will be seen that a decrease in — 

dt 


= 02;0+1,0;-O11;-0-2 


Fig. 10. Lateral reactions vs speed » 
for different turning radius R with 


da 
constant negative ——., 
dt. 


is accompanied by a sharp decrease in the specific lateral 
reactions acting upon the two axles of the vehicle. A 
particularly sharp decrease in the reaction forces is ob- 


da 
tained with negative values for —-, that is at the in- 
"ae 
stant when the vehicle comes out of the curve and re- 
sumes straight line travel. ; 

The interrelationship between the specific lateral re- 
actions and the travelling speed wv for different values of 
dv 
— is exemplified in Fig. 12. These charts are based 
dt 


da 
upon equations (20) and (21) with —- = Oandk = 0.5. 
dt 
dv 
It will be noted that changes in the values of . 
t 
have but little influence upon the specific lateral reaction. 
The charts given in Figs. 4-12 show the influence of 
Y, 
the speed vw upon the specific lateral reactions — 
1 
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Fig. 11. Lateral reactions vs speed ¥ 
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Pct over a wide range of conditions. In many of these 
2 

cases the specific lateral reactions are considerable and 

in excess of the lateral stability of the vehicle, that is to 

say, lateral skidding of one of the axles will take place 

with even smaller lateral reactions so that equations (20) 


AGE HARDENING OF THE SOLID SOLUTION 
(From Revue de Métallurgie, Vol. 41, No. 2, February, 1944, pp. 33-41). 


By J. HERENGUEL and G. CHAUDRON. 


Ir is well known that solid solutions of aluminium-zinc 
do not exhibit age hardening when they are prepared 
from industrial metals. But age hardening can be 
produced by adding a very small amount of magnesium 
to the alloy. 

This investigation is concerned with a study of solid 
solutions of aluminium-zinc made up from metals of 
very high purity. It was found that in this case age 
hardening takes place to a very considerable degree. 
An examination was also made of the effects of small 
additions of magnesium, iron and silicon to the high- 
purity alloy. 

The high-purity alloys were prepared from the 
following metals :— 

Refined aluminium 99.993 per cent pure ; 

Double refined magnesium ; 

Zinc, 99.994 per cent pure ; 
while the industrial alloys were prepared from 

Aluminium, 99.5 per cent pure with 0.30 per cent Fe 

and 0.20 per cent Si. 

Electrolytic zinc, 99.97 per cent pure. 

Technical magnesium, 99.8 per cent pure without 


copper. 
The following alloys were prepared : 
(a) Pure Metals. 

Binary solid solutions of aluminium-zinc of 3, 6, 5, 
10, 12 and 20 per cent zinc content. 

For the purpose of studying the influence of 
magnesium upon age hardening: Al-Zn alloys, with 
6.5 per cent Zn and 0.05, 0.1, 0.3 and 0.6 per cent Mg ; 
also Al-Zn alloys with 12 per cent Zn and 0.02, 0.05, 0.1 
and 0.3 per cent Mg. 

For investigating the influence of iron upon age 
hardening: Al-Zn alloys with 6.5 per cent Zn and 0.1, 
0.4 and 1.0 per cent Fe. 

(b) Industrial Metals. 

For the purpose of studying the influence of the 
Magnesium content upon age hardening: Al-Zn alloys 
with 6.5 per cent Zn were prepared with magnesium 
additions of 0.05, 0.1, 0.2 and 0.5 per cent, these alloys 
also containing 0.4 per cent manganese. 

The cast bars, which measured 16 x16 x 100 mm., 
were easily rolled into sheets upon heating to 450 deg. C. 
Only the 20 per cent Al-Zn alloy was rolled after heating 
to 400 deg. C. Water quenching of the sheets was 
carried out from 450 deg. C. The pure alloys containing 
Magnesium exhibited a strong tendency to grain growth 
when heating was carried out in air, but not when 
heated in the salt bath. This must be ascribed to the 
more rapid heating of the metal effected by immersion. 

_Age hardening took place at a room temperature of 
15-18 deg. C, 
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Fig. 12. Lateral reactions vs speed v 


dv 
for different values of — 
t 


30 40 50 


and (21) on which these graphs are based, cease to apply. 
The graphs given in Figs. 4-12 therefore cannot be con- 
sidered to be in agreement with actual conditions as far 


Y2 

1 2 

as large values of —— and —— are concerned. 
G, G, 


ALUMINIUM-ZINC. 


Unlike the solid Al-Zn solutions of industrial metals, 
the solid solutions of the pure metals displayed a very 
considerable amount of age hardening subsequent to 
the quench. 

The increase in hardness was found to depend largely 
upon the zinc content of the alloy, a content of 3 per 
cent being quite ineffectual in this respect. But alloys 
with 6.5 per cent zinc and more exhibited very pro- 
nounced age hardening tendencies, as shown in Fig. 1. 
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Fig. 1.. Pure Al-Zn alloys. Increase in hardness at room 
temperature after quenching from 450 deg. C. 


Here a particularly rapid rise in Brinell hardness is seen 
to take place within 10 seconds after the quench. 
Since it was not feasible to measure the hardness within 
less than 10 seconds after the quench, the actual hardness 
prevailing immediately after the quench could not be 
measured. The development of age hardening within 
35 minutes after the quench is charted in Fig. 2. The 
latter also shows that the 3 per cent alloy displayed no 
age hardening at all. The length of time required for 
the development of maximum hardness was found to be 
the following :— 

Al-Zn alloy with 12 per cent Zn: 15 minutes. 

” 2” »» 10 55 59 59 *: 3 hours. 

2» > o> 6.5 55 53 959 : 24 hours. 
With 20 per cent zinc content the increase in hardness 
was found to take place so rapidly that accurate measure- 
ment proved impossible. 

It was found that in the case of the Al-Zn alloys 
prepared with pure metals the increase in ultimate 
tensile strength after quenching was analogous with the 
increase in hardness. As, however, a longer time was 
required to execute the tensile test, it was not possible 
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Fig. 2. Pure Al-Zn alloys. Increase in hardness at room 
temperature after quenching from 450 deg. C. 


to obtain the ultimate tensile strength values prevailing 
within less than one minute after quenching. The 
test data recorded with zinc contents of 3, 6, 5, 10 and 
12 per cent are plotted in Fig. 3. The increase in the 
elastic limit of the alloy with the time after quenching 
is given below :— 
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Fig. 3. Pure Al-Zn alloys. Increase in ultimate tensile 
strength at room temperature after quenching from 450 deg. C. 


The influence of additions of magnesium to pure 
Al-Zn alloys was studied on alloys with zinc contents 
varying from 6.5 to 12.0 per cent. The behaviour of 
the 12 per cent Zn alloy is charted in Fig. 4, where it is 
seen that the process of age hardening after quenching 
is not preceded by a period of incubation if the magne- 
sium percentage is small. In the case of the alloy 
containing 6.5 per cent Zn and 0.6 per cent Mg, in- 
cubation does, however, take place, and age hardening 
does not commence until five minutes after the quench. 

The considerable difference between the age 
hardening characteristics of pure and commercial 
Al-Zn alloys can be explained by the action of iron and 
silicon which are normally present in commercial 
aluminium. In order, therefore, to study the influence 
of iron in this respect, different amounts of iron were 
added to an Al-Zn alloy with 6.5 per cent Zn prepared 
of pure metals. Referring to Fig. 5, it will be seen that 
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Fig. 4. Pure Al-Zn alloy with 12 percent Zn. Influence of Mg 
additions upon age-hardening at room a after 
quenching from 450 deg. 


the presence of Fe in the alloy exercises an important 
influence upon the age-hardening characteristics, 
Even 0.1 per cent of iron leads to a considerable decrease 
in the age-hardening effect. The characteristic is still 
further depressed with the presence of 0.4 per cent iron 
in the alloy ; while an increase in the iron content to 
1.0 per cent causes relatively little additional change in 
the age hardening characteristic. This is due to the 
limited solubility of the iron in the aluminium. By 
extrapolation the speed of the age hardening process 
immediately after the quench can be obtained as follows 
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Fig. 5. Pure Al-Zn alloy with 6.5 per cent Zn influence of Fe 
upon age-hardening at room temperature after quenching 
from 450 deg. C. 
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Where 47 is hardness after quenching and 4p 
hardness after age hardening the action of iron is thus 
seen to be quite different from that of magnesium. In 
the case of small additions of iron the age hardening 
speed is but little affected ; and while its retarding 
influence grows with rising percentages, its influence 
yet remains less pronounced than that of magnesium. 
But it is obvious that in the case of commercial Al-Zn 
alloys it is the iron which impedes their age hardening. 

The influence of magnesium upon the age hardening 
process was studied on a commercially pure alloy con- 
taining 6.5 per cent zinc, 0.3 per cent iron, 0.2 per cent 
silicon and 0.4 per cent manganese, to which 0.05 per 
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Fig.6. Industrial Al-Zn alloy with 6.5 per cent Zn. Influence 
of Mg upon age-hardening at room temperature after quench- 
ing from 450 deg. C. 
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cent, 0.1 per cent, 0.2 per cent and 0.5 per cent mag- 
nesium respectively were added. The age hardening 
characteristics obtained are chartered in Fig. 6, where 
the small amount of age hardening in the absence of 
magnesium is particularly noteworthy. 

The effect of magnesium is obvious, as is also the 
long incubation period required. The slowness of the 
age hardening process is particularly well illustrated in 
Fig. 7, where hardening speed and intensity are charted 
as functions of the magnesium percentage. The in- 
cipient age hardening speed is seen to be especially low 
if the magnesium content exceeds 0.1 per cent. Thus 
both magnesium and iron exert a retarding effect upon 
the age hardening process. The degree of final hard- 
ness is, however, increased with rising magnesium 
content ; while it is decreased with rising iron per- 
centage. Therefore magnesium offers a means to 
impart age hardening properties to commercial Zl-Zn 
alloys containing iron and silicon. 
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Fig. 7. Industrial Al-Zn alloy with 6.5 per cent Zn. Initial 
speed and intensity of age-hardening at room temperature 
after quenching from 450 deg. C. or function of the Mg content. 


CARBON, A MATERIAL FOR SWITCH AND CONTROL GEAR. 


By F. HOFMANN and L. WEILER. 


MODERN switchgear, despite the great strain imposed 
on it, must be of very high reliability and have a long 
life with little maintenance. The latter condition in 
particular depends, to a large extent, on the contact 
pieces of the switch which are subject to considerable 
wear. The life of contact pieces is, in general, a function 
of the switching frequency and of the intensity of the 
current controlled by the switch. The conditions under 
which switches, such as are used in industry, operate 
vary from one to three switching operations a day to 
1000 and more operations per hour, and the current 
intensity may vary from a few amperes to 500 amperes 
and more, depending on the size of the machine con- 
trolled and the voltage used. 

For this variety of conditions, contact pieces of copper 
have in general proved satisfactory, and the wear became 
considerable only in cases where the switches were used 
for intermittent operations with especially high switching 
frequencies. Special design of the contact pieces and 
the use of special materials, however, have made it 
possible to reduce the wear. 

Some time ago, in the course of this development, 
carbon contacts were also introduced. It is true that 
carbon was already being used for this purpose some 
decades ago. But the manufacture of carbon then 
began to lag behind the development in the switch gear 
industry in general, which therefore resorted to metal 
contacts, using mainly copper. The manufacture of 
carbon has, however, reached a stage at present which 


(From Elektrotechnische Zeitschrift, No. 13-14, April, 1943, pp. 181-184). 


makes it possible, in many cases, to return to carbon as a 
contact material. 
1. The Production of Carbon Contacts. 

The carbon used for contact pieces is manufactured 
from various prime-carbons, like coal, soot, coke, 
anthracite, graphite, etc. The solid usually de-gassed 
prime materials are pulverised in mills and, according 
to the use to which the finished carbon is to be put, one 
or more of the prime carbons is mixed with tar or pitch 
and thoroughly kneaded in special machines. The 
carbon paste is then pressed into the required shape, 
and the raw pieces are baked in furnaces fired with 
generator gas. The temperature is slowly increased to 
about 1300 to 1400 deg. C., so that the carbon is de- 
gassed without cracks. Baking and cooling takes two 
to four weeks, depending on the size of the piece. By 
this process the valuable qualities of the carbon, dis- 
cussed below, are not only maintained, but improved ; 
they can be still further improved, if the piece is sub- 
sequently baked at 3000 deg. C. in the electric furnace, 
a treatment which transforms the hitherto amorphous 
into crystalline carbon. The high quality carbon pro- 
duced by this process has a higher temperature and arc 
resistance, and is therefore the material normally used 
fer carbon contact pieces. 


2. The Suitability of Carbon as a Material for Contacts. 


The almost universal use of copper as a contact 
material is due to its high electrical and thermal con- 
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ductivity and to its relatively small contact resistance. 
In this respect carbon contacts are inferior. While the 
specific resistance for copper is 0.0174 2 mm2/n, it is 
25 2 mm?/m for the type of carbon normally used as 
contact material. However, as the path of the current 
in the contact piece itself is very short and the cross- 
section relatively large, the electric losses in the carbon 
itself can be disregarded. 

The conditions are, however, less favourable as 
regards the contact resistance. In the following, the 
resistance between a copper and a carbon contact will 
be considered first. This contact resistance is only 30 
times the resistance between two copper contacts 
assuming equal contact pressure and equal current 
density. In the course of an experiment the voltage 
drop between a copper and a carbon contact was found 
to be 1 volt. When, subsequently, the carbon contact 
was replaced by a copper contact, the voltage drop was 
reduced to 0.03 volts. This figure will, however, 
increase considerably as soon as the contact faces 
oxydise or become chemically affected by vapours. But 
these thin layers are usually swept away by the impact 
and friction in the switching operation by which the 
original low contact resistance is usually restored. 

Carbons being chemically inert, these variations of 
the contact resistance do not occur. But the heat 
generated at the contact is considerable, and as the heat 
conductivity of carbon (0.48 W/cm deg. C.) is far below 
that of copper (3.8 W/cm deg. C.), the dissipation of the 
heat constitutes a major problem. 

These conditions improve, if carbon is used for both 
contacts, in which case the contact resistance is about 
one-third of the copper-carbon resistance. As the 
ohmic resistance of carbon decreases if the temperature 
increases, both the contact and conductive resistance 
will decrease by about 25 per cent when the switch is 
actually in operation. However, the use of two carbon 
contacts will in general be possible only in new con- 
structions, and not for replacement in existing switches. 

The properties of the carbon as described above 
would appear to make its usefulness as contact material 
doubtful. But in many cases the high contact and 
conductive resistances of the carbon are of no con- 
sequence, mainly where the current density is com- 
paratively small, which means where the switch is not 
fully utilized, or if the density is great and the cooling 
adequate. In some cases a high contact temperature 
will be preferred to frequent maintenance work. 

The advantage of a carbon contact over a metal contact 
is based on the physical and chemical properties of the 
carbon. It sublimates only at 3,900 deg. C. which 
prevents the welding together by the electric arc, not 
only of two carbon contacts, but also of one carbon and 
one copper contact. Compared with this, the melting 
point of copper is at about 1100 deg. C., and, as the arc 
has a higher temperature, the metal at the contact face 
melts and partly evaporates. When it solidifies again, 
both contact faces may, under certain circumstances, 
weld together and easily cause trouble, particularly in 
the case of magnetic switches. 

Another clear advantage of carbon contacts is that the 
products of oxidation are gaseous and that carbon is 
chemically inert. Therefore, no films will be formed on 
the contact faces as a result of oxidation or other chemical 
reactions, as is the case of copper contacts, where 
these semi-conductive layers may cause trouble, 
particularly if the switches are only rarely operated. 
The frequency and scale of the disturbances due to 
layers on the faces of copper contacts can be reduced by 
means of special design of the switch, by the use of 
sliding or revolving contacts or by contact “‘ greasing.” 
But carbon possesses in itself greasing qualities and 
experiments have proved that on off-current switching 
of a moving carbon contact on a fixed copper contact, 
the latter had a life five times longer than when the 
moving carbon contact was replaced by one of copper. 


Further, the arc voltage is more favourable to 
carbon than to copper, a quality which is of particulg 
importance for starters and regulators. 

In addition, the flow of contact material from one 
contact to the other is smaller in the case of carbon 
contacts, mainly at low densities. 

The compressive strength of copper is of the order 
of 3000 kg./cm?, and that of carbon 1000 to 1600 kg. /om? 
according to the type used. Nevertheless, this figure i 
sufficient for all practical purposes. It should be borne 
in mind that carbon is a ceramic, and that as such its 
physical properties differ widely from those of any meta] 
and that therefore, factors pertaining to identical 
mechanical properties in both cases cannot be comprted, 
Carbon used for contacts should be of high shock 
resistance. When replacing copper by carbon contacts 
it may sometimes be of advantage to use larger dimen- 
sions in order to come nearer to the mechanical strength 
of the metal contact. The specific gravity of carbon js 
about one-third of that of copper, so that the mas 
of the carbon will remain in general below the mass of 
the copper contact. 

Carbon contacts have the advantage of possessing a 
very low modulus of elasticity (600 to 1200 kg./mm’) 
whilst the corresponding figure for copper is 11,000 
kg./mm*. This leads to the assumption that, at a given 
pressure, carbon makes contact at a greater number of 
points, each of which has a larger surface, than is the 
case with copper contacts. Incidentally, this explains 
why the contact resistance of carbon contacts is so much 
lower than would have been expected, considering the 
high ohmic resistance of the carbon orly. 


3. Experimental and Operational Experience. 

(a) Carbon contacts in magnetic switches. Carbon 
has been used in magnetic switches for electric elevators 
(Fig. 1) since 1935. The fixed contact consists of an 
auxiliary part, made of arc-resisting carbon, and of the 
main contact piece, made of metalled carbon. The 
movement of the moving contact is such that contact 
is established first with the part made of arc-resisting 
carbon, and, subsequently, with the main part made of 
metalled carbon which has a comparatively low con- 
ductive and contact resistance. Thus the arc, and 
therefore the scorching of the contact material, occurs 
on the arc-resisting material, while the main contact is 
made over the metalled carbon with consequently lower 
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Fig. 1. Carbon contacts in magnetic switches : 
Left—position when establishing or breaking contact. 
Right—switch-on position. 
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losses and lower heat generation. Switches of this 
design have shown very good results, and have the 
additional advantage that the switching impact is less 
qudible than that of metal contacts. 

(b) Carbon contacts in oil-immersed controllers. 
As a result of extensive experiments in recent years, it 
has been possible in many cases to replace copper con- 
tacts in 3-phase oil-immersed controllers for inter- 
mittent operation by carbon contacts. 

The rotor windings are controlled by drum-type 
controllers, the drum bearing copper contacts on which 
the carbon contact pieces slide. On the other hand, 
the stator windings are switched by impounding con- 
tacts, the fixed contacts being of carbon and the moving 


contacts of copper. 


The use of carbon instead of copper for the fixed 
contacts results in doubling the life of the contact pieces 
without impairing the controller. It should be pointed 
out that the use of carbon does not make it necessary to 


_ purify, or change, the oil more often than if only copper 


contacts are used. These particularly favourable 


_ conditions are brought about by the cooling effect of the 


oil on the carbon contacts. This effect is incidental, as 
the presence of the oil is in any case necessary for the 


' extinction of the arc and for making the switch choke- 
 damp-proof. 


These controllers, a large number of which are used in 
mines, show a much better performance than the types 
with only copper contacts which were previously used. 

(c) Carbon contacts in other controllers (not oil- 
immersed). The performance of these controllers is 
impaired by the difficulties arising in the dissipation of 


_ heat. Experience shows that favourable conditions 


exist if the controller is operated at 60 to 70 per cent of 


' its rated capacity, in which case the life of the carbon 
- contacts equals the life of copper contacts at full load. 


Only apparatus with one carbon and one copper 
contact have been discussed. The reason for this is 
that only in exceptional cases will it be possible, for 
purely physical and constructional reasons, to replace 
both copper contacts in an existing apparatus by 
carbon contacts. 


4, Fastening of Carbon Contacts. . 
Experiments have shown that special care must be 


INSTRUMENTS 
By P. DREWELL, Liibeck. 


INSTRUMENTS WITH MECHANICALLY 
MOVED DIAPHRAGMS. 


A stroboscope developed on the principle of moving 
diaphragms is shown in Fig. 1. The slit-disc (c) is 
driven by a motor (a), the speed of which is regulated 
between 600 and 3000 r.p.m. through a variable resistance 
forming part of the instrument. Fine speed-control is 
carried out by means of an eddy-current brake which 
consists of a permanent magnet (b) the position of which 
can be adjusted to the braking force applied to the disc. 





4 Fig. 1. Diagrammatic view of a slit-disc stroboscope. 


(a) motor; (b) eddy-current brake; (c) slit disc. 


taken in fastening carbon contacts in their holders, not 

only for reasons of mechanical strength, but also 

because of the transition resistance and the heat dis- 

sipation. Experiments have been carried out with 
carbons fastened by the following methods :— 

(a) Rigid connection : 
(a) carbon galvanised (with copper) and soldered 
to the holder. Generally not used for 


moving contacts. 
(B) metalled carbon welded to holder. 


(6) Interchangeable connection : 


(%) metal nuts pressed into } 
carbon ; 

(8) carbon held by special 
fitting of brass or 


copper ; 
(y) metalled carbon welded 
to metal socket ; 
(5) metal socket formed by 
spraying. | 
Of all the above methods, those of welding the 
carbon to metal and of spraying on a metal socket have 
proved the most satisfactory (see Fig. 2). 


The carbon pre- 
pared by one of 
these methods 
is fastened by 
screws to the 
carbon holder. 








Fig. 2. 
(a) Moving carbon contact with soldered-on socket. 


_ sprayed-on socket. 
(c) Fixed ” ” 2” » ” 


Carbon contacts. 


2” ” ” 


FOR TECHNICAL STROBOSCOPY. 
(From Archiv fiir Technisches Messen, July, 1942, pp. 63-66). 


The instrument is provided with seven interchangeable 
slit-discs, with slits numbering 1, 2, 4, 6, 10, 12 and 24 
respectively, in order to ensure a wide range. The 
highest frequency which can be observed with this 
instrument is 1200 per second. With discs having 1, 
2, 4 and 10 slits, observation must be monocular. In 
the case of 6, 12 and 24 slits the distance between the 
slits corresponds roughly to the mean eye spacing and 
observation can be binocular. The instrument is 
intended mainly for the measurement of rotating speeds 
and oscillating frequencies. For such purposes, the 
speed of the motor can be read from a tachometer, and 
the reading multiplied by the number of slits in the 
disc which gives the observation frequency. 

For stroboscopic observation proper, the observation 
time (t), i.e., the duration of the observation which 
rules the definition of the strcboscopic picture, is plotted 
as a function of the observation frequency, see Fig. 2. 
This diagram shows also the ratio of observation time 
to the length of the period T, and determines the 
luminosity. The curve elements apply to the various 
slit-discs. It will be seen from the diagram, that, e.g., 
an obiect revolving at 100 r.p.m. may be observed at 

=1, 2. 10-*s. or at t=2.4. 10-4s., the object revolving 
during observation through an angle of 4.3 deg. or 
8.6 deg. respectively, with 1.2 per cent or 2.4 per cent 
of the true luminosity of the object being utilised. The 








curves in Fig. 2 apply only when the fixed slit-disc, 
supplied with the instrument, is fitted in front of the 
rotating slit-disc. To allow observation from a dis- 
tance, an optical prism can be fixed to the instrument 
which, incidentally, will ensure distortionless observa- 
tion. 





== 14) 


Fig. 2. Observation time t and luminosity t/T as a function 
of the observation frequency f of a slit-disc stroboscope. 


A particularly handy instrument was developed in 
which the slit-disc is rotated by a hand crank. Coupled 
to the disc is a tachometer whose pointer can be stopped 
in any position by a small lever. The speed of the disc 
is increased gradually until a steady picture of the object 
is attained, the pointer of the tachometer is then stopped 
and the reading can be taken. It should be noted that 
the measurements derived from observation of steady 
stroboscopic pictures can be interpreted in various ways. 

In the case of stroboscopes with revolving diaphragms 
—such instruments have also been produced with a 
clockwise drive—it is always difficult to obtain a 
sufficiently constant speed for prolonged observations. 
This disadvantage is overcome in the “ Oscilloscope,” 
according to List, by using an oscillating diaphragm in 
the place of a revolving one, the natural frequency of 
which may be adjusted by varying the length of the 
spring of the oscillating system. The effective spring 
length is indicated as a measure of the oscillation 
frequency. The drive is ensured by an electro-magnet 
controlled by the oscillation itself and fed from a dry 
cell. 

These instruments can be used also for producing 
short light-flashes, the diaphragm being located in such 
case between the object and the source of light. For 
the same purpose, arrangements have been devised in 
which the object is not briefly illuminated in its entirety, 
but a strip of light is allowed to pass over the object, 
thus representing an inversion of a camera with focal 
plane shutter The easiest way to accomplish this is 
by means of a cylinder provided with axial slits and 
revolving about a linear luminous source. Another 
method is to deflect, periodically, a band of light by a 
revolving or tilting mirror. These arrangements will 
prove suitable for stroboscopic observation only, pro- 
viding the object moves in the direction in which the 
ray of light travels, as otherwise it will appear more or 
less distorted, according to the speed of light deflection. 
As this requirement, however, is but rarely dulfilled, 
the scope of application of such instruments is limited. 


GLOW LAMPS AS STROBOSCOPIC 
LUMINOUS SOURCE. 


Notwithstanding its low intensity, the glow lamp is 
popular as a source of light for the purpose of strobo- 
scopic measurement, or control of revolutions and 
frequencies since it is cheap and may be operated in 
very simple circuit arrangements. It is available in 
varied types and sizes and can be operated on either 
A.C. or D.C. The latter requires, however, special 
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circuit arrangements. More frequently, glow lamps 
are operated on A.C. taken either from the mains or 
from a special generator, e.g., a tuning-fork buzzer. 
In order to make the lighting frequency equal to that of 
the current, one half-wave must be suppressed. Where 
this is not obtained automatically by the dyssymietry of 
the electrodes in the glow lamp, the latter can ve con. 
nected to the cource via a rectifier. Another, and often 
simpler method, is to apply a D.C. bias to the lamp, and 
to choose D.C. and A.C. voltage in such a way that the 
lamp will only light on one of the half-waves. Ip 
order to obtain brief flashes, the A.C. tension may be 
distorted so as to leave a brief peak within the w Orking 
range of the glow lamp. If the mains are used as the 
source, the distortion can be obtained, for example, by 
using a choke coil with an over-saturated iron core, 
If the glow lamp is operated from an amplifier, the 
required shape of the voltage curve may be obtained by 
suitable grid control of the valves. . 

It should be noted that standard glow lamps contain 
a series resistance which renders them unsuitable for 
use in special arrangements, e.g., in Hittorf’s flashing 
circuit. For such purposes, lamps without series 
resistance are obtainable. 


INSTRUMENTS WITH HIGH-PRESSURE 
LAMPS AS LUMINOUS SOURCE. 


In order to allow a wide application, the flashing 
stroboscope must produce sharp and luminous pictures 
for all motion processes under consideration in industry, 
The definition of the stroboscopic picture depends, not 
only upon the duration, but also on the deviation in the 
timing of the flashes, since the eye will mostly perceive 
several of the impressions caused by the flashes as a 

















C 
simultaneous picture. For example, if we allow af 1 
definition latitude of 1 mm. in a motion process at re 
100 m. per sec., the sum of flash duration and deviation re 
should not be greater than 10°° s. Since periodic p 
processes taking place at great velocity have generallya Fp 
great motion frequency, it is necessary that flash duration re 
and deviation decrease with increasing frequency. 0! 
The luminosity of the flashes should preferably be F fe 
sufficient to allow stroboscopic investigations to be in 
carried out in undarkened rooms. b 
To make the stroboscopic effect simply visible, e.g, tc 
fer stroboscopic measurement of revolution and slip, m 
a luminosity causing a contrast of only 1 per cent on the st 
object will be sufficient. But where it is desirable to 
investigate objects showing by themselves only small th 
light contrast, considerably higher luminosities will be fl 
required, the degree of which will depend upon the siz is 
of the object, its colour and the amount of gener in 
lighting. Since stroboscopic examination is limited to pl 
comparatively small parts it should be possible to con- th 
centrate the light of the stroboscopic lamp on small th 
areas. fla 
The frequency of the flashes should be adjustable 
within wide limits, in order to cope with the largest co 


possible variety of processes. The lower limit is lig 
determined by the consideration that perfect observation ad 
at flash frequencies of less than 10 per sec. is no longet wi 
possible due to the great flicker effect. The upper — sp 
limit is usually set by the luminous sources themselves. 25 
For gas discharge lamps operating in Hittorf’s flashing 
circuit it is several 1000 cycles per second. Processes se 
of a higher frequency can be examined in such a way fF Sti 
that flashes are emitted only on each second or third me 
cycle of their motion. of 











Exceptionally suitable stroboscopic sources of light tul 
are high pressure mercury-vapour lamps. Theit F pe 
luminous density is very high, especially when the dis- F Tt 





charge current is high. The electrode spacing and the 
luminous surface can consequently be kept small, thus | 
allowing the light to be concentrated into a fine beam. 
In order to control the lamps, special grid controlled 
discharge valves have been developed. Fig. 3 shows = 
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_ for this potential is 5000 ohms. 
_ ing potential of several volts, the flashing frequency can 
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an instrument using a mercury-vapour lamp with 
approximately 0.25 ats gas pressure as a source of light. 
The lamp is fed through a grid controlled valve with 
filament cathode and hydrogen or helium filling. Lamp 
and control valve are connected in series in the discharge 
circuit ofacondenser. The valve controlling the timing, 
duration and intensity of the discharge is controlled in 
turn by a tuned circuit designed carefully with a view to 
securing a very constant frequency. In addition, there 


' jg a frequency measuring circuit which indicates, by 


means of a moving-coil instrument the set-flashing 
frequency with a maximum error of 2 per cent, which 
can be reduced in special cases to 0.3 per cent. The 
instrument, which is operated on the A.C. mains has 
no moving parts. 





Fig. 3. 


Flashing stroboscope. 


The frequency can be set within a range of 6 to 200 


~ cycles per second in one model, and in another between 
- 12 and 800 cycles in four stages, and can be finely 
_ regulated within each stage by means of a variable 


resistance. In order to synchronize the flashes with the 


' process under investigation an A.C., or pulsating D.C. 


potential can be applied to the circuit. The energy 
required for synchronising is very small, since a voltage 
of only 0.5 V. is sufficient and as the imput resistance 
By using a synchronis- 


be carried over an octave without making any adjustment 
to the instrument, so that objects with greatly fluctuating 


_ motion frequency can be brought to an apparent 


standstill. 

To obtain higher flashing frequencies, the capacity of 
the condenser must be reduced and the duration of the 
flashes will decrease correspondingly. The luminosity 
is sufficient for all visual observations. Once the 


_ instrument is synchronised, sharp and well lighted 
' photographs of the object can be taken by overloading 
' the lamp for the exposure. 


A button is provided for 
this purpose, but in order to take silhouettes, individual 
flashes will be sufficient. 

The instrument can also be built with two lamps 
connected in series and may be used where better 
lighting is required for observation, but the main 
advantage of this method is that it permits checking 
whether two motion processes are in phase. Another 
special model was built for a frequency range of between 
25 and 3000 flashes per sec. 

For observations 2n large objects and for taking a 
sequence of stroboscopic pictures, a high capacity in- 


 strument has been developed which uses a high pressure 


mercury-vapour lamp of about 6 ats pressure as the source 
of light. In this case the Jamp is controlled by a discharge 
tube with a filament cathode which, despite the discharge 
peaks reaching 3000 amps. has a satisfactorily long life. 
The frequency of this instrument can be varied between 
Sand 100 cycles per sec., and in addition, it is possible 
to give individual flashes or a short series of flashes. 
For remote control of the main circuit a special instru- 
Ment is provided ; this is connected by cable with the 
main instrument. 


This controlling instrument, which also contains a 
frequency measuring circuit and connecting bushes for 
synchronising, may be used alternatively as a separate 
unit for operating a mercuty-vapour lamp of 0.25 ats 
pressure within a frequency range of 30 and 1000 cycles. 

The lamp in the main instrument and its oven which 
raises it to the necessary operating temperature of about 
500 deg. C., is incorporated in a reflector, in front of 
which can be placed a double optical-condenser. As 
the light emitting surface of the lamp is only 0.5 sq. cm., 
it is possible to obtain an exceptionally fine beam of 
light. The luminous intensity which at the peak of the 
flash exceeds 1,000,000 CP makes the instrument not 
only suitable for observing and recording large objects, 
but more particularly for serial records of single motion 
processes on a stationary plate or on a steadily pro- 
gressing film. Due to the short duration of the flashes 
which lies between 2 and 0.8 x 10°° secs., depending 
on the frequency, very sharply defined pictures are 
obtained by this application of the instrument as a 
“time extender.”” The possibility of producing short 
series of flashes with very accurate time limits is often 
of advantage, especially as these flash series can be con- 
trolled by the actual process to be recorded. Where the 
instrument for such records is controlled by a potential 
of known and constant frequency, both the type of 
process and its progress can be accurately determined. 

Experiments are in progress to use lamp: with 
inert-gas filling, both for the standard instrument as 
well as for the large stroboscope. Apart from the 
advantage that these lamps need neither be heated up, 
nor operated in a stove, the light flashes produced are 
shorter and of higher intensity. With the same 
expenditure of circuit gear, approximately 8 to 10 times 
greater luminous intensities can be obtained than with 
mercury-vapour lamps. 


AUXILIARY INSTRUMENTS. 


The most important of the auxiliary instruments 
used for stroboscopic measurements are those for 
synchronising the flashing frequency with the object 
frequency. The electric impulses produced by these 
instruments should show a steep rise so that the varia- 
tions in phase position of the flashes, which occur when 
the object frequency varies, should remain as small as 
possible. The simplest conditions prevail where the 
object is in synchronism with an A.C. voltage, since the 
latter may be applied to the stroboscope either directly 
or after suitable distortion. When observing machine 
parts connected with a revolving shaft, an electro- 
magnetic impuls machine may be used which is held 
against the shaft end like a hand tachometer. By 
turning its casing, any desired phase position of the 
flashes can be obtained. Where the phase-positions 
of definite processes are to be determined, such an 
impulse transmitter may be firmly attached to the 
machine, and the movable casing connected with a 
pointer moving over a stationary scale. Or else devices 
can be used where a contact is controlled by the object 
itself. If the impulse machine is fitted with a gear of 
a ratio, say, 100 : 99, the phase position of the impulses 
relative to the object will change steadily and the object 
will appear in a highly retarded motion. 

When examining objects whose energy of motion is 
so small that no mechanical coupling with an impulse 
transmitter is possible, the required electric impulses 
can be produced by electromagnetic, electro-acoustic 
or photo-electric means. Thus, when examining the 
spinning process on a ring spinning-frame the steel 
traveller was itself used for varying the flux in a 
magnetic circuit and the electric impulses thus induced 
in a coil were applied through an amplifier to the 
stroboscope. An example of electro-acoustic syn- 
chronisation is the stroboscopic examination of the 
larynx, where the “ patient ” sings into a microphone, 
thereby synchronising the stroboscope through an 
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amplifier. The same method may be applied when 
examining musical instruments. By changing the 
distance of the microphone from the source of sound 
the phase pcsition of the flashes may easily be modified. 
Photoelectric production of synchronising impulses can 
be carried out almost invariably where the centre round 
which the object revolves is fixed. In such cases the 
object itself can be used either to reflect, or to cut a 
beam of light periodically. 


In the course of stroboscopic examinations it may 
sometimes be required to photograph the object in a 
certain phase position, without there being any possi- 
bility of bringing about adequately rigid synchronisa- 
tion by simple means. For such cases where standard 
flashing stroboscopes will not be adequate, a handy 
instrument for producing individual flashes was de- 
veloped by J. Vastmann. The source of light used in 
this instrument is a spark gap, the impulses being very 
accurately controlled by a small gas-discharge valve. 
The instrument may be operated in conjunction with 
the flashing stroboscope in such a way that the spark 
will be released simultaneously with the flash of the 
stroboscepe, and the object will thus be lighted once 
very brilliantly in the phase position set on the strobo- 
scope. A further special feature of the instrument is 
that the duration of the spark light only amounts to 
2 x 10-® secs. and sharply defined images will thus be 
obtained even against very rapidly moving objects. 
Fig. 4 shows such an instrument. It is fitted with a 
special release switch connected to the instrument by a 
cable. If the button of this switch is pushed the 
shutter of the camera is opened, and following this 
the sparking circuit is connected to the stroboscope. 
The latter then releases the spark automatically. 


The individual flasher may also be used by itself for 
recording periodical and non-periodical processes. In 


both cases control may be by hand or by an impuls 
released by the object under examination. 


Fig. 4, 
Instrument for 
individual flashes, 





CATHODE-RAY TUBE AS STROBOSCOPIC 
SOURCE OF LIGHT. 

The upper frequency limit of a stroboscope operating 
with controlled discharge lamps lies at about 5000 cycles 
per sec. For examining processes of higher frquencies 
cathode-ray tubes can be used. The luminous density 
of a fluorescent layer is determined by the number and 
speed of impinging electrons, but due to the energy of 
the electrons being partly converted into heat on the 
layer, it cannot be raised indefinitely without scorching 
the screen. But. as_ stroboscopic high frequency 
measurements are in general carried out merely to 
determine the frequency, the obtainable luminous 
intensity will be sufficient in most cases. Very little 
energy is required to control a cathode ray tube 
through its electrodes. The source of potential of 
adjustable frequency may be, for instance, a heterodyne 
oscillator, the potential curve of which can be distorted 
in order to shorten the flashes. 


THE BRITTLENESS OF THE ENAMEL OF COATED ALUMINIUM 


WIRE AT NORMAL 


AND HIGHER TEMPERATURES. 


By E. GreuticH. (From Elektrotechnische Zeitschrift, No. 17/18, 6th May, 1943, pp. 241-242), 


THE main difficulties in the production of enamel- 
coated aluminum wire are due to the property of the 
coating to become brittle if the wire is stored for any 
length of time. The adhesion between the enamel and 
the metal core decreases and the wire becomes un- 
suitable for further use. 

The brittling of the enamel is believed to be caused 
by oxidation, which is favoured by the existance of a 
thin layer of oxide on the metal. Experiments have 
been carried out with specially prepared cores and slight 
improvements were observed. But the cost of these 
methods was too high to allow them to be used com- 
mercially. 

On the other hand, if the above assumption, that the 
brittling of the enamel is due to the absorption of 
oxygen, was correct, it was to be expected that the 
quality of the wire could be improved by using coatings 
of oil-less artificial resins instead of the oil-containing 
enamel used hitherto. The oil-less artificial resins 
were supposed not to absorb oxygen, and therefore not 
to deteriorate when stored. The validity of these 
assumptions, and the properties of wire with coatings 
of artificial resins were investigated in a series of tests. 
These tests were carried out with aluminium wires of 
0.9 to 1.1 mm. diameter produced from one and the 
same batch. The coating of the wires consisted of an 
enamel with 37 per cent oil content in one case, and of 
an oil-less artificial resin in another case. A third 
sample had a coating of three inner layers of oil-less 
artificial resin and of three outer layers of the oil con- 
taining enamel. 


METHOD OF INVESTIGATION. 


When using aged enamelled wire, difficulties arise 
mainly in winding coils, as the enamel layer is apt to 
crack off. The winding test can, therefore, provide a 
suitable measure of the brittling and ageing of the 
enamel coating. The test must, however, be modified 
as the smallest mandrel diameter at which the coating 
still does not crack is not merely a function of the quality 
of the coating, but also of the diameter of the wire. It 
follows that, if the properties of the coating itself are to 
be investigated, a measure must be found which is 
independent of the diameter of the wire. This measure 
is, most conveniently, the stretching of the outermost 
fibres of the coating when the wire is bent. 

Fig. 1 shows a mandrel of a diameter D around 
which a wire (diameter d) is wound. The inner fibres 
of the coating are upset while the outer fibres are 
stretched. The fibres corresponding to a diameter 
D +d are neutral. The elongation ey of the outer 
fibres is equal to the difference between the diameters of 


the outer and the neutral fibres, and consequently equi 


to the diameter of the wire: 
ew = (D+ 2dew —(D + dad) = d ye a) 
The elongation ew which in one turn is proportional to 


d is spread out evenly over the length of the wire, which : 


is a function of the diameter of the mandrel D as well 


of the diameter of the wire d; it also equals the length 


of the neutral fibre. The stretching Dw is, therefore, 
determined by the ratio of the elongation which % 
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80th day. Then, within two days it drops to 10.8 per 
cent and decreases still further after the 110th day. 
The diagram in Fig. 3 has a certain similarity with the 
diagram for oil-containing enamel (Fig. 2) which like- 


wise shows sudden changes, though to a much lesser 











sonia degree. As the stretch limit of 23 per cent is maintained 
ecm Se the for only 80 days, the manufacture of wires with a com- 
bined coating would serve no practical purpose. 
de 
nent for 
il flashes, 
Dediameter of mandrel. 
d-diameter of wire. 
proportional to d and the length of the neutral fibre £ 
which is proportional to D + d: s 
d Y 
Ow = ——— . 100 [per cent] re re (2) a 
a D+d 
OPIC — This equation allows to calculate the stretching of 
; - the outer layer of any wire wound around any mandrel 
. The testing of the coatings comprise a series of 
WO cocks | individual tests, the first group of which was carried out fo} 50 100 (SOdays 
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» Which corresponds to a mandrel diameter of only four 

a times the diameter of the wire. It seems therefore that a 
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temperature. At 135 deg. C. it is only after 50 to 60 
days that it falls slightly below the value for normally 
aged wires though it remains still high enough for any 
practical purpose. A higher degree of brittleness results 
only when the wire is aged at a permanent temperature 
of 150 deg. C. In this case the stretch limit drops in 
14 days to 15 per cent which is about the lowest per- 
missible figure for practical purposes. This inci- 
dentally, means that the resin coating can be subject 
to occasional temperatures of up to 150 deg. C. without 
detriment to the quality of the wire. 


(c) Wires with combined coating.—If subject to higher 
temperatures this coating shows even worse properties 
than the coating of oil-containing enamel, and at as low 
a temperature as 100 deg. C. the coating becomes brittle 
in a comparatively very short time (Fig. 6). Therefore, 
it would serve no practical purpose to manufacture wire 


with combined coating, even if its properties at :1ormal 
room temperatures were favourabie. 
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Fig. 6. Stretch limit of the combined coating of an Al-wire 

of 0.9 mm. diameter stored at temperatures between 100 and 

150 degree C. 
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MEASUREMENT OF SMALL MOTIONS. 


By K. STAIGER. 


THE term ‘“‘ measurement of small motions,” as used in 
this article, means the measurement of the size and 
recording the shape, of periodic and non-periodic 
motions of solid bodies. These complex motions may 
contain harmonics of all frequencies down to zero. 

For choosing the method of measurement and for 
assessing its situability, three conditions are of particular 
importance :— 

(a) The magnitude of the deflection which deter- 
mines the amplification necessary to permit 
sufficiently accurate readings to be taken on the 
instrument 

(6) The maximum acceleration to be expected, which 
determines the frequency range of the instrument 

(c) The possible distortion of the motion under 
investigation caused by the instrument itself. 

As this article is restricted to very small motions, 
the majority of cases dealt with are one-dimensional. 
Short reference will, however, be made to the measure- 
ment of two- and three-dimensional motions. 

Measurements can, in general, be carried out with 
or without intermediate amplification by optical, electro- 
optical or thermo-electrical means. The indirect 
methods require the use of a “‘ transformer,” for which 
purpose the usual inductive or capacity bridge, or 
differential circuits can be used. The instruments 
used can be classed into two main groups, according to 
their frequency range. In the instruments of the first 
group, the motion is either directly indicated, or recorded 
by an ink recorder. They are thus suitable only for 
motions which are slow compared with the setting speed 
of the instrument. In the second group, oscillographs 
are used for recording, and amplification is carried out 
by means of electronic valve amplifiers with no inertia. 
There is no upper frequency limit for this group, unless 
such a limit is set by the type of the mechanical-electric 
“transformer ” and its applicability. 

The first group is used mainly for control devices 
on machine tools, and for limit guages with automatic 
sifting as used in mass-production methods. The 
second group is used on oscillatory motions such as 
vibrations of foundations, vibrations due to sound, as 
well as on movements of machine parts (e.g., the move- 
ment of valves, jet needles in diesel engines, elongations 
and wobbling effects). 

DIRECT MEASUREMENT. 

Practically, the only method by which motions of 
small amplitudes can be recorded is the “scratch 
method.” In this method a diamond sliding on a 
moving glass plate or a rotating glass cylinder records 
the movement. The thickness of the scratch thus 
produced is 3 to 4 #@m (1 Mm = 10°*m), The reading 


(From Archiv fiir Technisches Messen, June, 1942, pp. 51/52). 


error is 1 to 2 fm, which makes it possible to record 
deviations of only several #m with a fair prospect of 
success, without using levers to amplify the motion, 
The diamond must be applied at a pressure of about 
10 grams which produces a friction of 2 to 3 grams, 
This is the smallest possible reaction, and applies only 
in case the diamond is rigidly“and directly connected to 
the body under investigation. In practice, however, 
this will seldom be the case, and it will often be necessary 
to move the instrument, or a pointer, over the investi- 
gated part. This will require special spring and lever 
arrangements, and the natural frequencies of these 
devices will therefore have to be taken into account, 
The upper frequency limit of such instruments is of the 
order of several hundred cycles per second. 

The “scratch method” is independent of any 
ancillary equipment, and is extensively used for measure- 
ments on aircraft, in particular of elongations and 
deflections, and of torsian vibrations. The relatively 
large mass of the parts under investigation allows the 
reaction of the instrument on the moving part to be 
neglected. A disadvantage of this system is that the 
evaluations of the measurements have to be carried out 
either under the microscope or in projection. 


INDIRECT MEASUREMENT. 


(a) Optical amplification. Small turning or twisting 
motions can be amplified simply by means of a concave 
mirror and a beam of light, and can be recorded photo- 
graphically. This method is very sensitive to outside 
vibrations and requires considerable space for the beam. 
It is used for indicating static torsions and also, in optical 
pressure gauges. In the latter, the movement of a 
diaphragm or of a piston is transferred to a swing mirror. 
To reduce the effects of vibration, mirror, projection 
gear and recording gear can be mounted together ina 
rigid casing. The natural frequencies of such indicators 
may reach up to 30,000 cycles. 

A kind of optical lever is obtained through the 
arrangement shown in Fig. 1, which is similar to that 
used by Féttinger for measuring torsion vibrations. 
The bevelled edge of screen S, moves in front of slil 
S1 of the fixed screen S,, behind which the source of 
light is placed. Recording is made by photograph. 
The amplification factor is limited by the sharpness of 
the curve and may reach about 10. 

The methods for direct optical measurement have 
the advantage of being simple and of influencing the 
movement under investigation to a relatively small 
degree. Their disadvantage is that the motion trans- 
mitting gear on the one hand, and the recording geal 
on the other, cannot be installed independently of each 
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other and, that there must be no object in the space 
between them. This limitation can be avoided if 


“transformers ” are used which change the mechanical 
deviation into variations of an electric current either 
directly, or in two to three intermediate stages. 
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Fig. 1. Bevelled screen method of optical amplification of 
motions. 
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(b) Optical-electric transformers. ‘The recording or 
reading instrument can be separated from the motion 
transmitting gear, e.g., by using a photocell, as is dene 
in Lehr’s extensiometer. In this the motion is amplified 
by a lever which controls a slit through which a beam is 
directed on to a photocell. This produces a variation 
in the intensity of the electric current in the circuit of 
the cell which can be read on an indicating instrument 
installed separately. The amplification factor of this 
instrument reaches 0.5 x 10°, but, owing to the large 
leverage employed, the instrument cannot be used for 
higher frequencies. 

Reaction of the measuring gear can be entirely 
avoided if the moving part under investigation is itself 
used as a variable screen for a beam of light. 

To avoid error in measurements involving the use of a 
photocell, it is necessary to keep the intensity of the 
source of light very constant, unless, of course, a second 
photocell is used at the same time and a differential 
measurement is taken. 

Instead of simple screening, a turning mirror and 
two fixed screens, each with a number of alternatively 
transparent and opaque stripes of about 0.5 mm. 
individual width, are often used. One screen is placed 
between the source of light and the mirror, whilst the 
second is placed between the mirror and the photocell. 
The screens must be so arranged that the stripes of the 
first screen, when reflected from the mirror to the 
second screen, are parallel with the latter’s stripes. 
Thus, even the smallest deflection of the mirror will 
cause a considerable variation in the light-flux reaching 
the photocell. This method is a combination of the 
slit method similar to that shown in Fig. 1 on the one 
hand, with the moving mirror and the photocell methods 
on the other hand. 

Optical-electric methods are used mainly for limit 
gauges on machine tools; for continuous checking of 
bore holes ;_ thickness of wires, etc., and ogten in con- 
junction with automatic compensating devices and 
recording instruments. The limit gauges have a range 
of 25 to 100 xm and an accuracy of -+ I to 2 um. 


_(c) Thermo-electric transformers. The thermo-elec- 
tric transformers or Bolometers measure the change of 
the resistance of a heated wire whose cooling is controlled 

y the mechanical motion under investigation. This is 
done by a light vane which is controlled by the moving 
part and which partly covers a slit through which the 
cooling air passes... The air draught is produced by a 
Magnetic field. This method is used mainly for con- 
trolling large indicating or recording instruments 
through sensitive measuring instruments. In such 
cases, the pointer of the measuring instrument serves as 
a vane to control the amount of cooling air passing over 
the heated wire of the Bolometer. The Bolometer can, 


however, be used also as a direct mechanical-electric 
transformer, where the motion is made to influence the 
resistance directly. This method is used in the 
** Mikrotaster ” produced by Siemens and Halske, the 
accuracy at a range of 150 fm, is + 1 wm. 

The thermal inertia of the Bolometer does not impair 
its use in conjunction with pointer instruments, as the 
setting speed is of the same order for both. The sensi- 
tivity of this method can be increased considerably, and, 
if used in this way, the simple Bolometer gives a better 
performance than a large valve amplifier. 

(d) Inductive transmitters. Another method uses 
inductive transmitters and is based on the principle of 
a moving piece of magnetic material in the air gap of a 
differential choke coil. The change of induction is 
measured by a bridge which, in the simplest case, is fed 
from the mains. To avoid errors, the supply voltage is 
kept constant by magnetic voltage regulators. Accuracy 
and zero-point deviation are of the same order as for the 
Bolcmetric or optical-electric methods. If supplied 
from the mains, this instrument is used mainly in con- 
nection with machine tools and as a limit gauge in 
mass-production. The inductive instrument is simpler 
mechanically than the Bolometer. 


METHODS FOR MEASURING HIGH SPEED 
MOTIONS. 


Whilst the methods described are sufficient for use 
in conjunction with ink recording instruments or control 
machinery whose motions are “ slow,” they are not 
adequate for measuring and recording high-speed 
motions. These require the use of valve amplifiers 
and oscillographs. Optical-electric instruments can, 
however, be used, in connection with electronic photo- 
cells. In instruments using inductive transmitters, the 
carrier frequency must be increased to at least four 
times the highest motion frequency to be measured. 
Up to a carrier frequency of several thousand cycles, 
iron-clad transmitters of a very small size can be used, 
e.g., as the dynamic extensiometer of the “‘ Deutsche 
Versuchsanstalt fiir Luftfahrt [DVL] ” in connection 
with a torsiometer of Siemens and Halske. If the 
carrier frequency is further increased, very light core- 
less coils can be used. 

(a) The differential-induction method. An _ instru- 
ment developed by the “ Forschungsinstitut fiir Kraft- 
fahrwesen und Fahrzeugmotoren,” at Stuttgart, for 
instance, uses a carrier frequency of 1 mega-cycle. In 
this instrument, the differential inductance of two coils 
is measured. The oscillator O in Fig. 2 feeds into a 
cylindrical air coil consisting of two symmetrical parts 
wound in opposition. The field of this double coil has 
a turning point in the neighbourhood of which its 
intensity increases in either direction as a linear function 
of the distance from the turning point (Fig. 3). Inside 
this coil is a smaller coil in which a high-frequency 
potential is induced, the amplitude being a function of 
its position inside the larger coil. The induced high- 
frequency potential, after rectification in valve R (Fig. 2), 




















Fig. 2. Circuit for the differential-induction method, system 
of the ‘‘ Forschungsinstitut fur Kraftfahrwesen und Fahrzeug-— 
motoren, Stuttgart.’’ 
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Fig. 3. Field of the 

transmitter coil used 

in the _ differential 

induction Method. 

controls amplifier A which is connected to the oscillo- 
graph or to an indicating instrument. The additional 
coupling over condenser C ensures that deviations of 
the coil, in different directions from its neutral position, 
being about a reversal in the direction of the current 
flowing in the indicating or recording instrument. This 
is brought about by the potential induced in the coil now 
being superimposed on a high frequency potential 
through Cc. It thus becomes a modulation of the latter 
potential which acts as a carrier frequency. This means 
that the motions of the coil have been transformed into 
modulations of a high frequency which are dealt with by 
a rectifier and amplifier as indicated above. Merely by 
varying the damping of the receiver circuit and without 
changing the coil, the range of the instrument can be 
changed in the ratio 1:30. Zero-deviations remain 
very small (about + 2 per cent of the final reading), as 
an electronic amplifier only is used. The general 
susceptibility to interferences from outside is small, as 
the output on the transmitter reaches up to 10-7 W, 
which is less than is reached, e.g., on the DVL extensio- 
meter. Up to the present this method has been used 
for measuring deviations ranging from 10 um to 4 cm. 
For measurements in the samll range, the weight of the 
moving coil is less than 0.5 grams. The fastening of 
the leads causes no difficulties, even if considerable 
shock accelerations occur. 

If the mass of the part under investigation is large 
enough, the coil can be controlled through a lever 
pressed by a spring on to the moving part.: The con- 
tact pressure must, however, be large enough to ensure 
that constant contact is maintained between the lever 
and the part, even at the highest accelerations that may 
occur. Ifa lever is used, the instrument can be easily 
calibrated by moving the lever by a micrometer adjust- 
ment and comparing both readings. 

(b) The capacity method. The transmitter of this 
method consists of a small condenser, formed either by 
the part under investigation and a plate, or by two plates 
one of which is mobile and controlled by the moving 
part. The capacity of the condenser is a reverse function 
of the distance between the two plates ; to maintain this 
function sufficiently linear, the initial distance between 
the plates must not be below a certain minimum. 

The measuring condenser is used to influence either 
the natural frequency of a tuned circuit, whose potential 
is measured through a rectifier, or to influence, through 
the tuning circuit of a valve oscillator, the output of the 
latter and thus the D.C. component of the plate current 
of the oscillator valve. This arrangement is very simple 
and requires only one valve. Witha total capacity of the 
tuning circuit = 150 pF, capacity variations down to 
about 10-? pF can still be measured. 

Certain difficulties exist in arranging and fastening 
the leads ; these must be short in order to keep the total 
capacity of the circuit low and their capacity must 
remain constant. Vibrations make the fulfilment of the 
latter condition usually difficult. Ancther disadvantage 
is that the capacity method, being based on the resonance 
of a circuit, is very susceptible to fluctuations of 
temperature. 

The capacity method is used mainly where the trans- 
mitter must be very light; where the moving part cannot 
be mechanically connected to the transmitter, and where 
the transmitter must in no way influence the motion. 


MEASUREMENT OF MULTIDIMENSIONAL 
MOTIONS. 


In principle, two-or-three-dimensional motions can 
be measured by splitting them up into two or three 
right-angled components. If the motion proceeds in a 
plane, the two components can be put together imme- 
diately by applying the measurement impulses to two 
pairs of control electrodes of a cathode-ray tube. This 
method is very common in electrical engineering for 
measuring hysteresis loops or the charts of electron 
valves. Instead of cathode-ray tubes, “ co-ordinate 
recorders ’’ may be used. 

It is more difficult to register a three-dimensional 
motion, as each of the three transmitters must be 
sensitive only to one component of the motion. The 
simplest way is to use an optical method. 

Fig. 4 shows how a three-dimensional motion, in this 
case the motion of a vehicle frame can be reproduced 
graphically by putting together the recordings of its 
component motions. The graphs in Fig. 4 were 
recorded by the differential-induction method. 
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Fig. 4. Reproduction of a three-dimensional motion from its 
component one-dimensional motion. 


THE ACCURACY OF THE VARIOUS METHODS. 


If a deflection method is used, the accuracy is limited 
by the ink recording instrument which in one range must 
record the complete motion. Ink recorders usually 
have an accuracy of +1 per cent of the maximum 
deflection owing to unavoidable friction and play. If 
oscillographs are used for recording, the accuracy 
depends on the cross-section of the beam. Additional 
errors of the order of + 2 to 3 per cent occur where an 
amplifier is used, due to distortions in the amplifier valve. 
The above figures refer only to deviations from the actual 
value, which may occur with a calibrated instrument 
while being used. 

The absolute accuracy, on the other hand, depends 
on the accuracy of the transmitter and of the instrument 
used for calibration. 

If slow motions, or only parts of motions are under 
investigation, the accuracy of the measurement can be 
increased by using zero-methods, i.e., bridge and 
differential methods with automatic compensation. In 
such cases the results of the measurements are not 
directly influenced by the properties of the electrical 
instruments used, and enables the errors to be kept 
considerably below +: 1 per cent without difficulty. 











